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BEEF  CATTLE  AND  SWINE. 


THOMAS  SHAW. 


This  bulletin  contains  three  experiments.  The  first  of 
these  relates  to  growing  beef,  the  second  to  the  fattening  of 
range  steers  and  the  third  to  growing  pork. 


GROWING  BEEF  IN  MINNESOTA. 


SECTION  NO.  1. 

The  opinion  has  heretofore  been  held  by  many  in  our 
State  that  beef  cannot  be  grown  at  a  profit  on  the  average 
farm  of  Minnesota.  To  so  great  an  extent  has  this  view 
prevailed,  that  it  has  doubtless  virtually  hindered  numbers 
from  making  the  attempt  to  grow  it.  This  opinion  was 
largely  grounded  on  the  fact  that  farther  west  on  the  ranges 
the  pastures  are  free,  and  that  therefore  it  was  an  impossible 
thing  to  grow  beef  on  an  arable  farm  in  which  considerable 
capital  had  been  invested,  in  competition  with  beef  grown 
on  free  pasture.  To  so  great  an  extent  has  this  opinion 
prevailed,  that  it  has  even  been  voiced  on  the  public  platforms 
by  the  teachers  of  the  people.  It  was  not  unnatural,  therefore, 
that  those  who  tilled  the  soil  should  settle  down  to  the 
conviction  that  beef  could  not  be  grown  at  a  profit  in  our 
State.  The  writer  never  sympathized  with  such  a  view,  and 
this  experiment  was  undertaken  to  ascertain,  if  possible, 
which  was  the  correct  view. 

Plan  of  the  Experiment, — In  planning  the  experiment  it 
was  proposed  to  take  two  calves  at  birth,  to  feed  them 
freely  on  suitable  farm  products,  under  the  same  conditions 
until  nearly  two  years  old,  and  then  to  push  them  to  a 
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finish  so  that  they  should  be  put  upon  the  market  at  an  age 
not  beyond  30  months.  The  food  fed  was  to  be  such  as 
any  farmer  could  grow,  and  the  care  and  management  were 
to  be  of  a  character  that  would  be  easy  of  imitation  by  any 
farmer  or  by  any  farmer's  boy.  A  larger  number  of  animals 
would  have  been  reared  thus  could  suitable  representatives 
have  been  obtained  at  the  time. 

Autumn  Calves  Chosen. — It  was  determined  to  choose 
autumn  rather  than  spring  calves  and  for  the  following 
reasons:  1.  When  the  calves  are  dropped  in  the  fall  the 
cows  are  in  milk  at  a  season  when  the  milk  product  is  rela- 
tively more  valuable  than  in  the  summer;  2,  calves  c<im- 
Jng  in  the  autumn  can  be  better  cared  for  during  the  milk 
period,  that  is  to  say,  during  the  most  critical  period  of 
growth  in  the  life  of  the  calf,  for  the  grower  is  not  pressed 
with  labor  at  that  season  of  the  year  as  he  is  in  the  summer; 
3,  the  calves  are  in  fine  condition  to  go  out  on  the  grass  as 
soon  as  it  is  ready  in  the  spring,  since  before  the  arrival  of 
the  grass  they  are  already  weaned,  and  food  so  palatable 
should  keep  them  growing  right  along  in  good  form;  4,  they 
may  enter  the  following  winter  in  fine  shape  and  can,  in  con- 
sequence, be  wintered  at  less  outlay  relatively  than  calves 
dropped  in  the  spring;  and,  5,  they  are  at  a  suitable  age  for 
being  marketed  in  the  late  winter  or  early  spring  when 
meat  is  relatively  dear. 

It  was  also  decided  that  calves  should  be  chosen,  which, 
inbreeding  would  be  the  offspring  of  grade  cows  of  good 
milking  qualities,  that  is  to  say,  the  calves  of  dual  purpose 
cows,  sired  by  a  purely  bred  beef  bull.  It  was  not  easy  to 
get  such  calves,  owing  to  the  extent  to  which  dairy  bqlls 
prevailed  in  the  neighborhood,  and  indeed  in  nearly  all  parts 
of  the  state.  Mr.  H.  F.  Brown,  of  Minneapolis,  at  length 
came  to  the  rescue,  and  presented  us  with  a  pair  of  steer 
calves  in  the  autumn  of  1895.  Both  of  these  were  out  of 
dams  that  in  breeding  were  essentially  grade  Shorthorns. 
One  had  a  dash  of  Jersey  blood,  and  both  were  good  milkers. 
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DESCRIPTION  OF  THE  ANIMALS-FOOD  FED.  3 

The  respective  sires  were  pure  Shorthorn  bulls  belonging  to 
Mr.  Brown's  herd. 

Description  of  the  Aaimals.— The  two  steers  were  named 
**Jack"  and  *'Prince"  respectively.  The  former  was  dropped 
August  1st,  1895,  and  the  latter  September  28th  following. 
Both  were  essentially  of  the  parallelogramie  outline,  and 
both  were  possessed,  but  not  quite  equally,  of  what  may 
be  termed  the  essential  features  of  the  beef  form  in  at  least 
a  fair  degree.  Both  were  a  little  leggy  as  will  be  apparent 
from  the  accompanying  sketches.  Neither  was  sufficiently 
blocky  for  making  the  highest  type  of  the  beef  steer,  other- 
wise Jack  had  what  might  be  termed  good  all  round  devel- 
opment. Prince  was  somewhat  inferior  to  Jack  in  width 
and  in  roundness  of  spring  of  rib.  The  ribs  of  the  latter 
bore  some  testimony  to  the  Jersey  blood  in  the  ancestry  on 
the  dam's  side.  They  had  a  medium  downward  pitch,  were 
a  little  open  spaced,  especially  toward  the  rear,  and  were 
more  plainly  apparent  to  the  eye  when  viewed  from  the  side. 
As  is  generally  known,  those  features  in  rib  development  are 
not  in  keeping  with  the  very  highest  type  of  beef  production. 
And  just  here  it  may  be  mentioned  that  the  disadvantage 
at  which  this  steer  was  placed  because  of  his  less  perfect 
conformation  did  not  seem  to  militate  against  his  growth. 
It  was  more  especially  during  the  forcing  period  at  the  finish 
that  he  lost  ground,  and  on  the  block  he  was  not,  in  some 
respects,  quite  the  equal  of  the  other.  In  other  words  it 
would  seem  to  be  true,  that  want  of  highest  excellence  in 
beef  type  does  not  hinder  development  so  much  during  the 
growing  period  as  during  the  finishing  period,  and  that  the 
lack  of  ability  in  such  animals  to  make  pounds  of  gain  is  of 
less  consequence  to  the  grower  than  the  lack  of  quality  in 
the  meat,  which  compels  its  sale  at  a  lower  price. 

Foods  Fed. — The  foods  fed  were  new  milk,  skim  milk, 
meal,  hay,  soiling  food,  ensilage,  pasture  and  field  roots. 
The  skim  milk  was  obtained  from  the  dairy  and  fed  while  it 
was  yet  warm,  that  is   to   say,   soon   after  it  had  been 
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6  GROWING  BEEF  IN  MINNESOTA. 

separated  from  the  cream.  The  meal  fed  included  wheat, 
bran,  oats,  barley,  corn  and  oilcake.  These  foods  were  of 
course  not  all  fed  simultaneously,  but  in  such  combinations 
as  were  thought  prudent  from  time  to  time.  The  grain  was 
all  ground.  The  hay  was  clover  and  timothy,  chiefly  the 
former,  and  was  fairly  good  in  character  until  the  last 
winter,  when  it  was  chiefly  timothy  and  of  poor  quality* 
The  soiling  food  consisted  mainly  of  green  com  and  green 
sorghum.  The  ensilage  was  com.  The  pasture  was  blue 
grass,  and  was  plentiful  in  supply.  The  field  roots  consisted 
mainly  of  mangels. 

Food  Values,— Tht  food  fed  was  charged  at  market 
values.  These  values  represent  the  average  price  in  the 
State  that  the  farmer  would  obtain  for  such  products  when 
delivered  at  the  ordinary  place  of  sale,  so  far  as  those  could 
be  ascertained.  The  bran  and  oilcake  were  valued  at  the 
average  cost  to  the  farmer  delivered  on  the  farm,  since  these 
have  usually  to  be  purchased  by  the  feeder.  The  prices  for 
the  foods  fed  are  given  below,  and  as  they  necessarily  vary 
from  year  to  year,  the  variations  are  also  given.  The 
following  were  the  values  for  the  last  six  months  of  1895 
and  the  first  six  months  of  1896 : 

New  milk  per  100  pounds $0.63 

Skim  milk  per  100  pounds 12 

Wheat  bran  per  ton 6.50 

Oats  per  bushel  of  32  pounds 14 

Com  per  bushel  of  56  pounds 18 

Oilcake  per  ton 14.00 

Clover  hay  per  ton 3.50 

Green  food  per  ton 75 

Mangels  per  bushel  of  50  pounds 04% 

During  the  last  six  months  of  1896  and  the  first  six 
month3  of  1897,  the  barley  fed  was  charged  at  16  cents  per 
bushel  of  48  pounds,  and  the  com  ensilage  at  $1.25  per  ton. 
The  prices  for  the  other  foods  fed  were  the  same  as  in  the 
previous  year. 
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In  the  last  six  months  of  1897  and  the  first  six  months 
of  1898,  prices  were  materially  advanced.  Bran  was  charged 
at  $7.50  per  ton,  oats  at  17  cents  per  bushel,  barley  at  20 
•cents,  corn  at  22  cents,  oilcake  at  $22.00  per  ton,  hay  at 
:$4.00,  com  ensilage  at  $1.50,  green  food  at  80  cents  and 
mangels  at  5  cents  per  bushel.  The  pasture  was  charged  at 
:$1.00  per  month,  except  while  grain  was  being  fed,  when 
it  was  charged  at  75  cents.  The  green  food  consisted  mainly 
of  com  and  sorghum. 

The  prices  charged  for  some  of  these  foods  were  less 
than  the  amounts  paid  for  them.  For  instance,  the  hay 
purchased  cost  probably  $2.00  per  ton  more  than  was 
charged  for  it.  On  the  other  hand,  wheat  bran  bought  at 
^$4.50  per  ton.  was  charged  at  $6.50.  It  was  the  aim  to 
charge  average  market  values  throughout  the  State,  as 
nearly  as  these  CQuld  be  ascertained,  as  already  mentioned. 

Character  of  the  Growth  Sought.— \Jp  to  the  commence- 
ment of  the  finishing  period  it  was  the  aim  to  keep  the  steers 
Rowing  nicely  without  undue  fatness.  This  was  accomp- 
lished b3'  feeding  nitrogenous  foods,  and  the  preference  was 
tgiven  to  such  of  them  as  were  cheap.  The  only  period  of 
even  partial  stagnation  that  occurred,  was  when  the  steers 
were  on  pasture.  This  unlocked  for  result  is  again  re/erred 
^oin  that  section  of  the  bulletin  which  treats  of  pasture. 
During  the  finishing  period  which  covered  say  the  last  3V^ 
months  of  the  ejq)eriment,  the  process  was  reversed.  The 
aim  then  was  to  fatten  quickly  by  feeding  carbonaceous 
foods,  and  as  much  as  the  steers  could  take  with  a  relish. 
Quick  and  profitable  fattening  was  made  possible  by  the 
•condition  of  good  thrift  in  which  the  steers  had  been  kept, 
a  result  that  is  practically  unattainable  when  animals  are 
unthrifty  or  lean  when  feeding  for  the  block  begins.  Men 
are  slow  to  learn  that  in  growinof  meat,  periods  of  stagna- 
tion in  development  are  indeed  expensive,  though  not 
equally  so  at  all  seasons  of  the  year.    Constant  growth 
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Upon  suitable  foods,  has  also  a  beneficient  influence  on  the 
quality  of  the  meat,  as  exemplied  in  this  experiment. 

Food  Consumed,— Tahlt  I.  gives  the  amounts  of  milk 
and  of  meal  consumed  by  the  steers  respectively,  until  one 
year  old. 

TABLB  I. 


New  Milk. 

Skim  MUk. 

Oilmeal. 

Bran  and 
Grain. 

Jack 

Lbi. 
172 
248 

Lb«. 

3.383 

3,1»1 

Lbt. 

S2^ 

Lbs. 
1,088 
9»8 

They  were  fed  new  milk  for  12  and  15  days  respectively, 
and  on  an  average  of  12  pounds  per  day.  One  week  or  a 
little  more  than  that  was  occupied  in  making  the  change 
from  all  new  milk  to  all  skim  milk.  Subsequent  to  this 
period  skim  milk  was  fed  to  Jack  for  185  days,  and  at  the 
average  rate  of  20  pounds  per  day.  Skim  milk  was  given 
to  Prince  for  166  days,  and  at  the  average  rate  of  18.7 
pounds  per  day.  The  skim  milk  was  thus  fed  for  a  period 
unnecessarily  long,  but  it  was  given  for  the  reason  that  it 
was  plentiful  at  the  station.  Calves  may  be  nicely  reared 
on  a  quantity  of  skim  milk  considerably  less  than  that  fed 
per  day  in  the  experiment,  and  the  milk  may  be  witheld 
from  them  when  necessary,  ere  they  reach  more  than  half 
the  age  of  the  calves  under  consideration,  that  is  to  say,  it 
may  be  witheld  at  an  age  not  much  beyond  three  months. 
But  when  the  milk  is  at  all  limited  in  quantity,  care  must 
be  taken  to  give  free  access  to  ample  supplies  of  good  pure 
water. 

The  oilcake  was  fed  in  the  form  of  meal.  It  was  not 
given  at  all  until  the  calves  were  about  two  months  old, 
and  yet  they  made  good  gains.  It  was  given  along  with 
other  meal,  only  a  small  quantity  was  fed  at  the  first,  not 
more  than  a  teaspoonful  a  day,  and  during  no  part  of  the 
year  was  more  than  %  of  a  pound  fed  per  day.  The  oilmeal 
was   not  fed   while  the  animals  were  getting  green  food. 
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Ground  flax  would  probably  have  given  even  better  results^ 
during  the  continuance  of  the  milk  period,  but  oilcake  was- 
chosen  because  it  can  be  more  easily  obtained  by  the  farmers. 

The  feeding  of  meal,  other  than  oilcake  began  simul- 
taneously with  the  change  from  new  milk  to  skim  milk,  and 
was  continued  through  the  remainder  of  the  year.  The- 
meal  consisted  of  bran  and  oats,  and  it  was  fed  practically 
in  the  proportions  of  say  1  and  3  parts  respectively  During^ 
the  first  part  of  the  milk  period  they  were  virtually  given 
all  the  meal  they  would  eat  with  a  relish,  but  none  wa& 
allowed  to  remain  uneaten.  Subsequent  to  that  period  they" 
would  have  eaten  more,  but  in  feeding  the  meal,  the  pre- 
caution was  observed  to  give  only  enough  to  produce  free* 
and  continuous  growth,  without  inducing  undue  fatness. 
The  average  amount  fed  to  Jack  per  day  after  the  meal  feed- 
ing began,  was  3.14  pounds,  and  to  Prince  2.7S  pounds.. 
The  quantity  fed  never  exceeded  4  pounds  per  day. 

Table  II.  gives  the  quantities  of  food  other  than  milk 
and  meal  consumed  by  the  steers  until  one  year  old. 

TABLE  n. 


Hay. 

Oreen  Peed. 

Com 
BnsUajsc. 

Mangels. 

Prince";;;;;!;!;;;;;;;.!;;;;;;.*.!! 

Lbs. 

961 
1105% 

Lbs. 

2462 
8418 

Lbs. 

282 
887 

Lbt. 

1661 
780 

It  will  be  observed  that  Prince  consumed  more  hay  ancf 
other  fodder  than  Jack,  but  that  the  latter  consumed  more- 
mangels,  and  by  consulting  the  above  table,  it  will  be  seen 
that  Jack  consumed  more  meal  than  Prince.  These  diiferences^ 
arose  in  part  at  least  from  the  individual  preferences  of  the- 
steers,  to  which  a  due  regard  was  had  throughout  the  whole 
duration  of  the  experiment.  But  it  was  also  caused  to  some 
extent,  as  in  the  case  of  feeding  the  mangels,  by  the  season 
of  the  year  at  which  the  food  was  accessible.  The  feeding 
of  the  mangels  commenced  almost  simultaneously  with  the 
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^ding  of  the  grain,  and  continued  while  this  food  was  in 
reason.  The  mangels  were  fed  sliced  and  in  two  feeds  per 
•day,  and  in  no  instance  was  more  than  8  pounds  fed  per  day. 

The  steers  were  not  put  out  on  pasture  the  first  summer, 
and  partly  for  the  reason  that  none  was  conveniently  ac- 
•cessible.  But  no  special  anxiety  was  felt  with  reference  to 
such  pasture,  as  it  is  yet  an  unsettled  question  as  to  whether 
•calves  for  beef  can  be  raised  better  and  more  cheaply  on 
pasture,  than  on  green  food  and  adjuncts  fed  to  them,  where 
they  can  be  kept  reasonably  cool  and  comfortable  all  the 
^while. 

Table  III.  gives  the  respective  amounts  of  meal  con- 
:samed  by  each  steer  between  the  ages  of  one  and  two  years. 


TABLE  TIT. 

Oncakc. 

Bran. 

Oats. 

Barley. 

Com. 

Jack 

Lbt. 
83 

Lbt. 

048 

♦82% 

Lbt. 
826 
6S8 

Lbt. 
20 

Lbi. 
187 

Prince  

184 

It  will  be  observed  that  the  proportion  of  the  oats  to 
^he  bran  fed  was  much  less  the  second  year  than  the  first. 
It  was  thought  that  oats  were  less  necessary  than  when  the 
animals  were  younger,  and  bran  was  also  the  cheaper  food. 
The  average  amount  of  the  mixture  fed  to  Jack  per  day  dur- 
ing that  part  of  the  year  that  meal  was  being  fed,  was  5.19 
pounds,  and  to  Prince,  5.27  pounds,  and  at  no  time  was 
•either  animal  fed  more  than  7  pounds  per  day.  The  first 
was  out  on  pasture  for  two  months  before  he  reached  the 
age  of  two  years,  and  the  second  was  out  on  the  same  -for 
four  months.  More  or  less  meal  was  fed  during  the  whole 
•of  the  second  year,  except  when  the  steers  were  out  on  pas- 
ture, as  stated  more  minutely  in  a  subsequent  paragraph. 
No  oilcake  or  barley  was  fed  to  Prince  during  the  second 
year,  and  only  a  small  quantity  of  either  was  given  to  Jack. 
This  arose  from  the  fact  that  he  was  nearly  two  months 
older  than  Prince.    Though  both  were  receiving  the  same 
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kinds  of  food,  those  charged  against  the  two  closing  months 
of  each  year  in  the  case  of  Prince,  would  be  charged  against 
the  two  first  months  in  the  following  year  in  the  case  of 
Jack.  This  explanation  also  applies  to  the  other  apparent 
variations  in  food  given,  as,  for  instance,  green  food  and 
pasture. 

Table  IV.  gives  the  respective  quantities  of  food  other 
than  meal  consumed  by  the  steers  between  the  ages  of  one 
and  two  years. 

TABLE  IV. 


Jack.  .. 
Prince. 


Hay. 


Lbs. 

2,401 

1,966 


Green  Feed. 


Lbs. 
1.464 


Corn 
Ensilage. 


Lb«. 

1,313 

1,219 


Mangels. 


Lbs. 

8,186 

8,291 


It  will  be  observed  that  during  the  second  year  Jack 
consumed  considerably  more  of  all  kinds  of  food  than 
Prince,  except  roots.  Both  were  fed  mangels  from  Septem- 
ber 28th,  1896,  to  May  11th,  1897.  The  average  amount 
given  to  Jack  per  day  was  13.94  pounds,  and  to  Prince, 
14.62  pounds.  At  no  time  did  the  quantity  fed  to  either  ex- 
ceed 20  pounds  per  day.  The  former  consumed  over  22  per 
cent,  more  of  hay  than  the  latter. 

Table  V.  gives  the  respective  amounts  of  meal  con- 
sumed by  the  steers  after  reaching  the  age  of  two  years. 


TABI«B  V. 

Oilcake. 

Bran. 

Oats. 

Barley. 

Com. 

Jack 

Lbs. 

269H 
229 

Lbs. 

899V^ 
842% 

Lbs. 
49 

Lbs. 

•    404Vi 
857 

Lbs. 

426V4 
881 

Prince 

The  finishing  period  began  October  11th  and  ended  Jan- 
uary 31st,  1898,  the  last  date  at  which  the  steers  were 
weighed  previous  to  being  slaughtered.  On  September  7th 
when  they  were  taken  in  from  the  pasture,  each  steer  was 
being  given  4  pounds  of  meal  per  day,  and  this  amount  was 
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gradually  increased.  On  October  11th  each  was  given  6. 
ponnds  of  meal  a  day,  consisting  of  bran,  oats,  corn  and 
oilcake,  fed  in  the  proportions  of  5,  2,  2  and  1  parts.  On 
October  25tb,  the  meal  was  changed  to  bran,  barley,  corn 
and  oilcake,  fed  in  the  proportions  of  3,  3,  3  and  1  parts 
respectively.  And  on  November  15th  the  bran  fed  was 
reduced  to  2  pounds,  and  the  oilcake  increased  to  2  pounds 
instead  of  one.  The  quantity  Jed  was  increased  ^adually 
until  December  28th  when  Jack  was  given  15  pounds  of  meal 
daily,  and  this  amount  was  continued  until  the  steers  were 
sent  to  the  block.  On  December  28th  the  grain  portion 
given  to  Prince  had  been  led  up  to  13  pounds  per  day.  It 
had  then  to  be  reduced  somewhat  for  a  few  days.  It  was^ 
again  raised  to  13  pounds,  but  could  not  always  be  main- 
tained at  that  amount,  and  in  no  instance  did  it  exceed  13- 
pounds.  At  no  time  of  the  finishing  period  could  either  steer 
be  made  to  consume  more  than  15  pounds  of  meal  per  day,, 
notwithstanding  that  a  certain  percentage  of  the  same  was 
bran,  and  that  com  did  not  at  any  time  form  more  than  33- 
per  cent,  of  the  whole  meal  portion  fed. 

Table  VI.  gives  the  amount  of  food  other  than  meal' 
that  was  consumed  by  the  steers  after  they  had  reached  the 

age  of  two  years. 

TABLB  vx 


Hay. 

Com 
Bnsi'age. 

MaoselM. 

Jack 

Lbt. 

1068 
1003 

Lbi. 

1086 
1082 

Lb«. 
698 

Prince. 

6»-4 

The  corn  ensilage,  fed  from  November  1st  onward,  the 
dateof  opening  the  silo,  averaged  12  pounds  per  day,  and 
the  mangels  fed  averaged  5.3  pounds  per  daj'  for  each  ani- 
mal. These  were  given  more  to  keep  the  system  in  tone 
than  for  any  other  purpose.  During  the  finishing  period 
the  meal  was  the  main  reliance  for  fattening  in  the  absence 
of  good  hay. 
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Details  of  Feeding,— The  hay  was  fed  three  times  a  day 
and  only  what  they  would  eat  clean.  But  if  poor  hay  was 
-fed  they  were  not  forced  to  eat  it  closely  during  the  fatten- 
ing period.  The  residue  was  removed  and  fed  to  other  ani- 
mals. The  meal  was  fed  in  two  feeds  per  day.  While  ensil- 
age was  being  fed,  the  meal  was  given  along  with  the 
-ensilage,  at  other  times  it  was  fed  directly.  The  mangels 
were  sliced  in  the  root  cutter,  and  were  fed  twice  a  day  ex- 
cept during  the  fattening  period,  when  they  were  fed  but 
once.  The  steers  were  kept  loose  in  box  stalls  during  the 
first  year,  but  after  that  time  they  were  tied  when  in  the 
■stables.  Water  was  given  to  them  twice  a  day.  During  the 
season  of  housing  they  were  turned  into  a  yard  each  fine 
day  from  a  few  minutes  to  several  hours,  and  salt  was  kept 
in  a  trough  in  the  yard  where  they  could  help  themselves. 

Cost  of  Food.— Table  VII.  gives  the  cost  of  the  food  fed 
^during  each  period,  and  the  increase  in  weight  made  by  each 
animal. 

TABLB  vn. 


Cost 
of  Food  the 
First  Year. 


Increase 
in  NVeisbt. 


Increase 

in  Weiirht 

per  Day. 


Jack 

Prince.. 


$16  28 
14.81 


Lbs. 
670 
693 


Lbs. 
1.84 
190 


Jack 

Prince.. 


Cost  of 
Food  tbe  Sec- 
ond Year. 


Increase 
in  Weight. 


$16.43 
14.84 


Lbs. 
400 
402 


Increase 

in  Weight 

per  Day. 


Lbs. 
1.09 
1.1 


Cost 
of  Food  tbe 
Third  Period, 


Increase 
in  Weight. 


Increase 

in  Weight 

per  Day. 


Jack 

Prince.. 


$13.61 
10  66 


Lbs. 
366 
228 


Lbs. 
2.03 
1.81 
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It  will  be  observed  that  the  two  steers  made  an  average 
daily  increase  in  weight  of  1.87  pounds  the  first  year.  Thi» 
increase  includes  the  weight  at  birth.  During  the  second 
year  the  average  increase  was  only  1.09  pounds.  This  was 
certainly  a  poor  showing.  But  in  all  experimental  work 
common  fairness  demands  that  the  bitter  shall  be  given 
along  with  the  sweet.  It  was  caused  by  the  miserable  gains 
made  while  the  steers  were  on  pasture,  to  which  farther 
reference  is  made  below.  During  the  third  period,  Jack  was 
fed  for  180  days,  and  Prince  for  but  122  days. 

Behavior  While  on  Pasture,— The  steers  were  out  on 
pasture  127  days  during  1897,  that  is  to  say,  from  May 
24th  until  September  27th.  When  first  turned  on  the  pas- 
ture the  aim  was  to  give  them  grain  for  14  days,  by  reduc- 
ing the  quantity  gradually  from  7  pounds  until  no  grain 
would  be  given.  But  Prince  would  not  eat  any  grain  worth 
mentioning  after  he  was  turned  out  on  grass.  No  grain 
was  given  again  until  September  6th,  or  105  days  from  the 
date  of  turning  onto  the  pasture.  Grain  was  again  given  to 
both  steers  during  the  21  closing  days  of  the  pasturing,  but 
only  in  small  quantities. 

At  the  end  of  105  days  from  the  date  of  turning  out  on 
pasture,  Jack  had  made  an  advance  in  weight  of  only  69 
pounds,  or  .63  pounds  per  day.  A  small  amount  of  grain 
was  then  given  during  the  remainder  of  the  pasturing  period 
as  previously  stated,  but  which  at  no  time  exceeded  4 
pounds  daily  and  yet  the  daily  increase  in  weight  was  more 
than  1%  pounds.  The  total  increase  in  weight  for  the  127 
days  on  pasture  was  101  pounds,  or  .82  pounds  per  day. 
^ith  Prince  the  results  were  still  more  unsatisfactory.  During 
the  first  seven  days  on  pasture,  he  decreased  in  weight  from 
1,018  pounds  to  955  pounds,  a  loss  of  63  pounds.  During 
the  next  7  days  this  loss  was  further  increased  to  73  pounds. 
At  the  end  of  84  days  from  the  date  of  turning  out  he  was 
still  3  pounds  lighter  than  when  first  put  upon  the  pasture. 
After  that  time  he  began  to  gain  slowly  until  grain  was 
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again  given  on  September  6tli.  He  then  gained  20  pounds 
in  the  remaining  three  weeks  while  on  pasture,  or  .95  pounds 
per  day.  The  entire  increase  while  out  on  pasture  was  97 
pounds,  or  .63  pounds  per  day. 

These  results  are  not  a  little  extraordinary.  The  pas- 
ture was  plentiful  and  succulent.  It  was  blue  grass,  which 
is  considered  one  of  the  best  for  fattening.  Such  pasture  is 
looked  upon  as  being  a  perfect  food.  A  gain  of  nearly  2 
pounds  per  day  was  looked  for,  while  the  actual  average 
daily  gain  was  but  little  more  than  %  of  a  pound  per  day. 
The  reasons  are  not  quite  clearly  apparent.  The  true  ex- 
planation, it  may  be,  will  be  found  in  one  or  both  of  the 
folio  wing  reasons :  First,  the  grass  was  more  than  usually 
succulent,  because  of  the  excessive  rainfall.  The  gains  made 
by  the  sheep  under  experiment  in  an  adjoining  field  were 
much  less  during  the  summer  of  1897  than  during  that  of 

1896  or  1895,  although  the  pasture  was  more  abundant  in 

1897  than  in  either  of  the  preceeding  years.  And  second, 
it  may  be  that  when  animals  are  fed  a  small  grain  portion 
daily  and  continuously  for  many  months,  a  habit  of  diges- 
tion is  engendered  which  calls  for  the  continuance  of  such 
food. 

Financial  Summary. — The  steers  were  sold  to  the  supply 
department  of  the  School  of  Agriculture:  They  were  thus 
disposed  of  to  enable  Mr.  Andrew  Boss,  .the  farm  foreman, 
to  secure  data  and  illustrations  regarding  the  relative  out- 
come from  the  different  cuts  of  the  respective  carcasses. 
The  information  thus  obtained  will  be  used  by  Mr.  Boss  in 
illustrative  work  in  the  butchering  department.  The  steers 
were  valued  at  the  prices  they  would  sell  for  in  the  live  stock 
markets  of  St.  Paul  and  Minneapolis.  The  values  were 
fixed  by  two  experts  from  South  St.  Paul.  One  of  these, 
Mr.  C.  Engemoen,  is  live  stock  salesman  for  E.  M.  Prouty 
&  Co.,  and  the  other,  Mr.  J.  C.  Crosby,  is  the  live  stock 
buyer  for  Swift  &  Co.,  at  South  St  Paul.  The  price  put 
upon  Jack  was  $4.75  per  100  pounds,  live  weight,  and  upon 
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Prince  $4.40.  Both  valuators  were  of  the  opinion  that  the 
diflTercnce  in  price  was  placed  at  the  extreme  limit,  and  this 
opinion  was  well  sustained  by  the  behavior  of  the  steers  on 
the  block  as  is  shown  below. 

Including  the  value  at  birth,  the  entire  cost  of  growing 
Jack  was  $45.17,  and  of  growing  Prince  $40.21.  The 
shrunk  weights,  with  a  shrinkage  of  3  per  cent,  were  1,392 
pounds  and  1,280  pounds  respectively.  The  first  was  sold 
for  $66.12,  and  the  second  for  $56.32.  The  profit  on  the 
first  therefore  was  $20.95  and  on  the  second  $16.11.  The 
items  of  interest  on  the  money  invested  for  food  and  in  the 
plant  are  not  taken  into  the  account,  nor  was  the  cost  of 
grinding  the  grain  included.  It  was  ground  on  the  farm. 
The  manure  is  supposed  to  offset  the  cost  of  labor  and  of 
bedding,  and  it  should  be  borne  in  mind  that  the  food  was 
charged  at  average  market  values.  The  difference  between 
these  values  and  the  cost  of  producing  the  food  by  the 
farmer  should  more  than  offset  the  interest  on  the  money 
invested  for  food  and  plant  while  the  steers  were  being 
reared. 

Behavior  on  the  Block. — In  comparison  with  the  shrunk 
Uve  weight,  the  dead  weight  of  Jack's  carcass  was  57.7 
per  cent,  and  that  of  Prince's  58.2  per  cent.  This  was 
not  in  keeping  with  the  general  opinion  expressed  with  ref- 
erence to  the  steers  before  they  were  slaughtered,  nor  was  it 
in  keeping  with  what  one  would  naturally  expect  firom  the 
conformation  of  the  steers.  But  facts  are  facts,  and  cannot 
be  gainsaid.  To  distort  them  with  a  view  to  make  them  fit 
preconceived  theories  in  experimental  work,  is  nothing  short 
of  a  crime.  The  meat  of  both  carcasses  was  simply  superb 
in  quality.  Throughout  the  loin  and  rib  cuts  and  also  in 
other  parts  of  the  carcass,  the  admixture  of  the  fat  and 
lean,  as  brought  out  in  the  engraving,  was  simply  perfect. 
Particles  of  fat  of  more  or  less  size  flecked  the  loin  in  all  the 
best  cuts,  and  in  a  way  that  the  writer  has  never  seen  ex- 
celled.   And  this  opinion  was  sustained  by  the  juicy,  tender 
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Jack. 


Prince. 


Fig.  4.     Best  Rib  Roast. 


and  delicious  character  of  the  meat  when  served  on  the  table. 
But  little  fat  was  laid  on  externally,  and  the  per  centage  of 
internal  fat  was  not  high.  The  outcome  in  the  carcasses  was 
not  far  different.  But  all  things  considered,  in  Jack's  carcass 
the  covering  of  flesh  on  the  bone  was  deeper  than  in  the  case 
of  the  other. 
Observations — 

1.  It  will  be  observed  that  no  oilmeal  was  given  to  the 
calves  until  they  were  about  two  months  old,  that  is  to 
say,  for  about  a  month  after  the  new  milk  ceased  to  be  fed* 
to  them,  and  yet  the  daily  gains  made  during  the  second 
month  were  2.03  pounds  on  the  average.  This  so  far  indi- 
cates that  calves  can  be  made  to  grow  nicely  on  skim  milk, 
bran  and  oats  and  good  hay,  without  the  aid  of  oilmeal  at 
all,  though  they  are  likely  to  grow  better  when  it  is  fed  to 
them. 
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2.  The  greater  capacity  of  Jack  to  stand  forced  feeding 
during  the  finishing  period  is  worthy  of  notice.  This  capac- 
ity would  seem  to  arise  from  greater  inherent  vigor  of 
digestion,  and  was  indicated  in  the  outward  form,  more 
especially  in  the  more  compact  build,  the  wider  breast,  and 
the  better  spring  of  rib.  There  was  much  more  difficulty  in 
getting  Prince  to  take  13  pounds  of  meal  per  day  than  to 
get  Jack  to  take  15  pounds,  this  was  decidedly  to  the  advan- 
tage of  the  latter,  as  shown  in  the  greater  gains  which  he 
made  per  day  and  also  in  the  more  complete  ripeness  of  the 
carcass. 

3.  It  is  also  worthy  of  notice  that  during  the  finishing 
period  the  steers,  as  already  stated,  could  not  consume  more 
than  13  and  15  pounds  respectively  of  meal  per  day.  To 
this  maybe  added  some  grain  in  the  ensilage,  but  not  a  very 
large  amount,  probably  not  more  than  a  pound  a  day.  This 
would  seem  to  confirm  the  view,  that  when  cattle  are  fed 
from  25  tu  30  pounds  of  grain  per  day  during  the  finishing 
period,  much  of  the  grain  so  fed  is  wasted,  even  though  pigs 
are  made  to  glean  amid  the  droppings. 

4.  The  difference  in  the  profit  made  by  a  small  variation 
in  the  price  paid,  is  well  brought  out  in  this  experiment. 
Valuing  the  carcase  of  Jack  at  $4.75  as  was  done,  and  that 
of  Prince  at  $4.40,  the  profit  on  the  first  exceeds  that  on  the 
second  by  $4.84.  Had  Prince  also  been  valued  at  $4.75  per 
100  pounds,  that  excess  of  profit  would  have  been  reduced 
to  40  cents. 

5.  But  for  the  low  gains  made  by  the  steers  when  on 
pasture,  the  financial  outcome  would  have  been  very  much 
better.  The  entire  gain  of  the  two  steers  while  out  on 
pasture  for  127  days  wa3  198  pounds ;  a  normal  gain  at 
such  a  time  would  have  added  fully  250  pounds  more  to 
the  weight,  which  would  have  materially  enhanced  the 
profit  from  growing  the  steers.  Hence  the  great  loss  firom 
periods  of  stagnation  in  development  when  meat  is  being 
grown  on  the  intensive  plan  when  these  occur. 
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6.  Since  the  food  fed  was  charged  at  the  average  mar- 
ket values  in  the  state,  the  profit  would  have  been  consider- 
ably increased  had  it  been  charged  at  the  cost  of  production. 
Such  cost  woidd  be  the  correct  basis  of  values  could  it  be 
ascertained. 

CONCLUSIONS. 

1.  Since  the  steers  were  sold  for  $37.06  above  the  cost 
of  production,  under  the  conditions  stated,  it  is  just  to  con- 
clude that  a  good  profit  can  be  made  from  growing  beef  in 
Minnesota,  even  when  grown  on  the  intensive  plan. 

2.  That  the  method  of  growing  meat  thus  is  applicable 
to  average  farm  conditions  in  the  state,  since  the  foods  fed 
may  all  be  produced  on  the  farm,  except  the  bran  and 
oilcake. 

3.  That  the  quality  of  meat  thus  grown  is  of  the  very 
best,  and  should  therefore  command  the  highest  price  in  the 
market. 

4.  That  in  growing  beef  as  in  this  experiment,  the 
farmer  can  get  much  better  values  for  the  food  products 
which  he  grows  by  feeding  them  at  home,  rather  than  by 
selling  them  directly. 
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SECTION  NO.  2. 


THOMAS  SHAW. 

It  was  intended  that  this  experiment  should  be  con- 
ducted on  substantially  the  same  lines  as  that  of  the  pre- 
vious winter  which  also  experimented  with  feeding  range 
steers,  as  detailed  in  Section  2  of  Bulletin  No.  58.  But  as 
will  be  shown  in  the  proper  place,  it  was  found  necessary  to 
modify  the  whole  plan  of  procedure,  and  for  reasons  that 
will  be  given.  This  experiment  therefore  is  not  a  direct 
confirmation  of  that  of  1896-97  as  it  was  intended  to  be,  in 
the  sense  of  determining  the  relative  results  from  feeding 
smaller  and  larger  quantities  of  meal.  It  is  confirmatory  of 
the  former  however  in  so  far  as  it  throws  light  on  the 
financial  aspect  of  the  question,  and,  notwithstanding  the 
change  of  plan  that  was  found  necessary,  the  experiment 
presents  some  interesting  and  valuable  features.  But  these 
will  not  be  anticipated.  In  the  proper  place  they  will  all  be 
stated. 

Time  Covered  by  the  Experiment. — The  steers  were  put 
on  full  feed  November  15th,  1897.  They  were  sent  to  the 
block  May  28th,  1898.  The  period  of  feeding  therefore 
lasted  for  194  days.  On  November  6th  they  were  tied  in  the 
stall,  and  during  the  intervening  days  until  the  experiment 
proper  began,  they  were  gradually  brought  up  to  a  full 
ration. 

The  Objects  of  the  Experiment  — As  at  first  planned  the 
chief  of  the  objects  sought  in  the  experiment  were  the  follow- 
ing: 1,  to  ascertain  the  comparative  results  from  fattening 
steers  on  smaller  and  larger  quantities  of  meal ;  2,  to  gather 
information  as  to  the  behavior  of  range  steers  while  under 
full  feed,  and  3,  to  learn  the  financial  results.    Chief  among 
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the  secondary  objects  were  the  following:  1,  to  learn  the 
daily  gains  that  would  be  made  from  a  certain  line  of  feed- 
ing; 2,  to  learn. as  to  the  consumption  of  food  fed  in  pro- 
ducing these  gains,  and  3,  to  learn  the  cost  of  the  same. 
One  of  the  steers  however  had  to  be  taken  out  of  the 
experiment  before  it  was  fairly  under  way.  He  manifested 
a  disposition  so  vicious  and  sullen  that  to  continue  him  in 
the  experiment  did  not  promise  any  adequate  results.  He 
was  exchanged  therefore  for  another.  A  second  steer  mani- 
fested a  shy  and  sullen  disposition.  When  tied  up  he  threw 
himself  violently  and  for  a  good  while  loudly  proclaimed  his 
fancied  wrongs  by  bellowing.  As  there  was  no  other 
suitable  steer  on  hand  to  supplant  him,  he  was  retained  in 
the  experiment  until  the  end  thereof.  He  continued  shy  and 
played  the  Ishmaelite  in  his  disposition  throughout  the  feed- 
ing period,  and  as  a  result  made  but  poor  gains.  About  the 
middle  of  the  feeding  period  therefore  the  feeding  ol  light, 
heavy  and  intermediate  quantities  of  meal,  as  described 
below,  was  discontinued.  The  steers  were  all  put  upon 
what  may  be  termed  a  pretty  stiff  grain  portion,  to  ascer- 
tain if  the  daily  gains  would  not  be  stimulated  by  such 
feeding.  But  as  the  results  will  show,  the  increased  gains 
did  not  materialize.  And  just  here  it  may  be  stated  that 
the  rebellious  steers  would  probably  have  fattened  fairly 
well  in  the  open  feed  lot,  though  not  so  well  as  those  of  a 
better  disposition.  This  remark  is  interjected  here,  lest  the 
conclusion  should  be  reached  that  range  steers  are  not  suit- 
able material  for  being  fattened.  The  behavior  of  these 
steers  does  not  prove  that.  It  simply  proves  that  they  are 
not  the  best  of  material  for  being  fattened  in  the  stall. 
While  in  our  judgment  they  ought  to  be  fattened  loose  and 
in  a  shed  with  access  to  a  yard,  such  a  method  of  fattening 
would  not  of  course  have  given  us  the  results  that  we 
sought. 

The  Animals  C/sec/.— Nine  steers  were  fed  in  all.    They 
formed  part  of  a  carload  of  cattle  purchased  by  the  Hon. 
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W.  M.  Liggett,  the  director,  and  the  writer,  on  the  range. 
The  cattle  were  bought  from  John  Manning,  of  Shelter 
Ranch,  some  12  miles  northward  from  Culbertson,  in  Mon- 
tana, on  the  line  of  the  Great  Northern  railroad.  Seventeen 
animals  were  purchased.  Some  were  young  females  that 
had  failed  to  breed  and  some  were  native  steers  of  fine  finish. 
The  cows  and  native  steers  were  boughjt  to  be  used,  first,  in 
demonstrative  work  in  the  slaughter  house,  and,  second,  on 
the  dining  tables  of  the  School  of  Agriculture.  They  made 
a  fine  quality  of  meat.  Four  more  animals  owned  by  Mr. 
Manning  completed  the  carload  shipped  to  the  Minnesota 
Transfer. 

They  reached  the  experiment  farm  October  2(»th,  and 
were  kept  on  blue  grass  pasture  supplemented  by  some 
grain  until  November  6th,  when  the  nine  animals  put  in  the 
experiment  were  weighed  separately,  and  were  tied  in  stalls 
side  by  side.  The  freight  on  the  car  from  Culbertson  to  the 
Minnesota  Transler,  702  miles,  including  $2.20  for  food; 
was  $87.80.  The  proportion  of  the  ireight  paid  on  the 
nine  steers  on  the  basis  of  weights  was  $28.80,  or  $3.20  on 
one  steer. 

In  age  the  nine  steers  were  two  years  old,  but  evidently 
there  was  no  little  variation  in  the  age,  as  there  was  con- 
siderable variation  in  the  size.  In  breeding,  the  shapes, 
the  color  markings,  the  presence  or  absence  of  horns,  and 
the  character  of  the  horns  when  present,  indicated  Short- 
horn, Hereford  and  Aberdeen  Poll  blood  They  had  been 
sired  by  high  grade  or  pure  sires  of  one  or  the  other  of 
these  breeds,  and  in  individuality  they  were  good,  but  a 
little  more  leggy  than  the  really  typical  beef  steer  ought  to 
be.  Unevenness  in  size  and  dissimilarity  in  disposition  were 
the  chief  points  of  weakness  in  the  selection. 

In  determining  the  cost  of  the  steers  when  the  experi- 
ment proper  began,  November  15th,  they  were  valued  at  the 
average  price  per  pound  paid  lor  the  whole  lot  when  pur- 
chased on  the  range.    No  other  course  was  open  Ufjon  which 
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to  base  valuations,  as  they  were  not  priced  individually  at 
the  time  of  purchase.  The  proportionate  cost  of  freight  and 
food  were  added  to  thi^  sum.  They  were  also  given  the  ad- 
vantage accruing  from  the  handling  of  the  other  animals  in 
the  carload  lot.  Taking  these  figures  as  the  basis  of  the 
total  outlay,  the  total  cost  of  the  nine  steers  up  to  November 
15th  was  $261.58,  and  the  cost  per  100  pounds,  on  the 
basis  of  weight  when  they  entered  the  experiment,  was 
$2.69Vi  cents,  a  price  considerably  lower  than  the  average 
market  value  of  such  animals  at  the  time. 

Conditions  Governing'  the  Experiment.— The  steers  were 
divided  into  three  lots,  with  three  in  each.  Those  in  lot  1 
were  to  be  fed  the  light  meal  portion,  the  steers  in  lot  3  the 
heavy  meal  portion,  and  those  in  lot  2  the  intermediate 
quantity.  As  it  was  thought  that  weighing  the  steers  so 
frequently  the  previous  winter  tended  to  disturb  them  un- 
duly, it  was  determined  that  they  should  be  weighed  but 
once  while  the  feeding  was  going  on,  in  addition  to  the  in- 
evitable weighing  at  the  beginning  and  at  the  close  of  the 
experiment.  This  intermediate  weighing  was  made  on 
March  7th,  112  days  after  the  experiment  began.  They 
were  of  course  not  turned  out  to  exercise.  They  were  cur- 
ried occasionally,  at  the  first,  with  a  brush  on  a  handle  and 
at  a  safe  distance.  Some  of  i  hem,  however,  became  quite 
tractable  and  responded  nicely  to  kind  treatment,  while 
others  continued  to  resent  close  handling  until  the  end.  And 
it  is  significant  that  the  steers  which  responded  best  to  hand- 
Vm<^  made  the  best  gains. 

Food  and  Feeding. — The  meal  fed  to  the  steers  for  the 
first  112  days  of  the  experiment  was  composed  of  bran, 
barley  and  corn.  The  first  period  of  28  days  it  was  fed  in  the 
proportions  of  bran  5  parts,  barley  3  and  corn  2.  The 
second  period  of  similar  duration  it  was  changed  to  bran  4 
parts,  barley  Sand  corn  3.  The  third  period  it  was  made  up 
of  3  parts  bran,  3  barley  and  4  corn .  And  in  the  fourth  period 
it  was  further  changed  to  2  parts  bran,  3  parts  barley  and 
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5  parts  com.  These  proportions  are  by  weight.  The  aim 
in  tktis  changing  the  food  frequently  was  to  increase  grad- 
ually the  more  carbonaceous  and  more  concentrated  factor 
of  the  food,  viz.  the  com.  At  the  commencement  of  the  ex- 
periment, the  steers  in  lot  1  were  fed  6  pounds  per  day  of 
the  mixture,  the  steers  in  lot  2,  8  pounds,  and  the  steers  in 
lot  3,  10  pounds.  These  respective  amounts  were  increased 
1  pound  at  the  end  of  every  four  weeks,  and  during  the  first 
112  days  of  the  experiment  1  pound  of  oilcake  in  the  nutted 
form  was  given  to  each  steer  per  day.  When  the  steers  were 
weighed  on  March  7th,  it  was  apparent  from  the  behavior 
of  the  steer  No.  4  that  the  experiment  was  so  marred,  that 
in  one  of  its  essential  objects,  viz.  comparison  of  the  results 
from  the  light  and  heavy  grain  feeding,  it  would  be  only 
prudent  to  abandon  it.  It  was  determined  at  the  same  time 
to  try  and  ascertain  if  heavy  feeding  during  the  remainder 
of  the  term  would  stimulate  greater  gains.  The  meal  por- 
tion was  changed  to  bran  and  com  in  the  proportions  of 
1  and  3  parts,  and  it  was  decided  to  feed  all  the  steers  up 
to  their  capacity  for  consumption  without  putting  them  off 
their  feed.  The  1  pound  of  oilcake  per  animal  was  also 
continued  and  during  the  last  25  days  of  the  experiment  it 
was  changed  to  2  pounds. 

Mixed  hay,  timothy  and  clover,  of  medium  quality,  was 
fed  in  quantities  such  as  the  steers  would  consume.  And 
after  112  days  of  feeding,  com  ensilage  was  added.  Of  this 
however  they  only  consumed  from  6  to  8  pounds  per  day, 
and  one  steer,  viz.  No.  6,  would  not  take  any.  The  grain 
was  ground  and  fed  directly,  in  two  feeds  per  day.  The  hay 
was  given  in  the  uncut  form  and  in  three  feeds  per  day. 
And  the  ensilege  was  fed  in  two  feeds. 

Estimated  Value  of  the  Food.— The  food  was  estimated 
at  what  may  be  termed  approximate  average  market  values 
for  the  state.    They  were  as  follows : 

Bran,  per  ton $7.50 

Barley,  per  bushel  of  48  pounds 18 
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Corn,  per  bushel  of  56  pounds 22 

Oilcake,  per  ton 22.00 

Hay,  mixed,  per  ton 4.00 

Corn  ensilage 1.25 

Five  cents  per  sack  is  the  common  charge  for  grinding 
coarse  grain.  Adding  the  cost  of  grinding  to  the  barley  and 
corn,  makes  the  cost  of  these  20Vi  cents  and  24%  cents  re- 
spectively per  bushel. 

These  prices. were  considerably  in  advance  of  those 
allowed  for  nearly  all  the  products  during  the  three  previous 
years.  The  most  notable  advance,  however,  is  oilcake, 
which  went  up  in  a  single  season  from  $14.00  to  $22.00 
per  ton.  The  advance  in  these  values  of  course  add  to  the 
cost  of  the  feeding  and  in  the  absence  of  higher  prices  for  the 
finished  product,  correspondingly  reduces  the  profit  that 
would  otherwise  have  accrued. 

Food  Consumed. — Table  VIII.  gives  the  total  amount  of 
hay,  ensilage  and  meal  consumed  by  each  steer  during  the 
experiment  and  the  sum  of  these  taken  together. 

TABIjB  Vm.— Food  ConBomed  by  the  Steers. 


Hay 

Ensilage. 

Meal. 

Total. 

No   1 

Lbs. 

1.96« 

1,662 

1.847 

1,380 

1,666 

1,621 

1,871 

1,912 

1,609 

Lbs. 
633 
637 
639 
640 
698 

69*4 
641 
636 

Lbs. 

2.132 

2,366 

2.616 

2,100 

2.331 

2.666 

2,123 

2,371 

2,688 

Lbs. 
4,730 

No.  2 

4.646 

No.  3 

No.  4 

6,101 
4,120 

No.  6 

4,586 

No.  6 

4,286 

No.  7 

4,688 
4,924 

No.  8 

No.  9 

4.832 

Total 

16,413 

5,017 

21,281 

41,711 

The  variable  quantities  of  food  consumed  are  not  to  be 
attributed  entirely  to  variations  in  the  capacity  of  the  steers 
to  consume,  as,  during  the  first  112  days  of  the  experiment, 
they  were  fed  varying  quantities  of  meal. 
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Table  IX.  gives  the  quantity  of  each  food  factor  con- 
sumed daily  by  each  individual  steer  throughout  the  experi- 
ment, and  also  the  total  daily  consumption  of  food  by  each. 

TABIiB  IX.— Daily  Oonsumption  of  Food  by  the  Steers. 


Hay. 

Bnailage. 

Meal. 

Total. 

No.  1 

Lbs. 
10.13 
8.00 
9.62 
7.11 
8.64 
8.36 
9.64 
9.86 
8.29 

Lbs. 
3.26 
3.28 
3.29 
3.30 
3.08 

"8.06" 
3.30 
3.27 

Lbs. 
10.99 
12  14 
13.48 
10.82 
12.02 
13.74 
in.94 
12.22 
13.34 

Lbs. 
24.38 

No  2 

23.42 

No.  3 

26.29 

No.  4 

21.23 

No  6 

28.64 

No.  6 

22.09 

No.  7 •. 

23.64 

No.  8 

No.  9 

26  88 
24.00 

Av4riiS9.t..<ttt  t-tt>..TrT 

8.83 

2.87 

12.19 

2389 

In  the  above  table  we  are  given  an  approximate  idea  of 
the  daily  consumption  of  food  by  steers  weighing  as  these 
did  in  the  experiment,  when  fed  practically  on  a  dry  ration. 
The  average  weight  of  the  nine  steers  during  this  period  of 
feeding  was  1178  pounds.  The  consumption  of  meal  was 
a  little  more  than  12  pounds  per  day.  It  is  certainly  under 
13  pounds  allowing  for  what  might  be  in  the  ensilage.  This 
amount  is  far  short  of  what  is  fed  on  an  average  in 
the  feed  lots  of  the  west.  During  the  first  112  days  of 
the  experiment  some  of  the  steers  would  have  consumed 
more  grain  if  it  had  been  given  to  them,  but  it  is  more  than 
questionable  if  increased  gains  would  have  resulted,  as  will 
be  shown  later.  The  difference  in  the  amounts  of  food  con- 
sumed per  day  is  relatively  much  less  than  the  difference 
in  the  proportionate  gains  resulting  from  them. 

Weights  of  the  Animals. — Table  X.  gives  the  weights 
of  the  individual  animals  at  the  commencement  of  the  experi- 
ment and  at  its  close  and  also  the  total  individual  increase 
and  the  average  daily  individual  increase  made  during  the 
same. 
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WeiRht  on 
Nov.  16.1897. 

Weight  on 
May  28, 1898. 

Total  Individ- 
nal  Increase. 

Daily 
Increase. 

No.  1 

Lbs. 
IIOO 

840 
1076 

960 
1066 
1O70 

960 
1126 
1160 

Lbs. 
1446 
1166 
1620 
1106 
1276 
1316 
1220 
1440 
1380 

Lbs. 
846 
816 
446 
166 
210 
240 
260 
316 
230 

Lbs. 
1.78 

No.  2 

No.  *» 

1.6i 
2  29 

No.  4. 

.80 

No  6 

1  08 

No.  6 

1.24 

No  7 

1  34 

No.  8 

No.  9 

1.62 
1.19 

Average 

1088 

1317 

279 

1.44 

There  axe  some  things  in  the  above  table  that  are  calcu- 
lated to  somewhat  perplex  any  one  who  has  made  a  study 
of  the  feeding  question.  First,  there  is  the  uncommon  dis- 
parity in  the  gains  made  by  individual  steers.  Leaving  out 
No.  4  for  the  present,  it  will  be  noticed  that  three  steers, 
Nos.  1,  3  and  8,  made  together  a  daily  increase  of  5.69 
pounds,  while  the  three  steers  Nos.  5,  6  and  9  made  together 
a  daily  increase  of  but  3.51  pounds.  The  first  three  con- 
sumed together  36.69  pounds  of  meal  daily,  and  the  last 
three  39.10  pounds.  The  first  three  weighed  together  3,300 
pounds  when  the  experiment  began,  and  the  last  three 
weighed  together  3,290  pounds  at  the  same  date. 

Second,  the  diflFerence  in  type  in  the  steers  does  not 
sufficiently  account  for  the  disparity  in  the  individual  gains. 
Of  the  six  steers  mentioned  above.  No.  9  only  was  pro- 
nouncedly off  in  type.  No.  3  made  an  increase  of  2.29 
pounds  per  day,  an  uncommon  increase  for  so  long  a  period 
of  feeding.  No.  9  which  consumed  practically  the  same 
amount  of  meal  gained  only  1.44  pounds  per  day.  This 
however  was  looked  for  fi-om  the  pronounced  diflFerence  in 
the  type  of  the  steers.  No.  5,  taking  12.02  pounds  of  meal 
per  day  on  an  average,  made  a  daily  gain  of  but  1.08 
pounds  as  compared  with  2.29  pounds,  less  than  half  as 
much  as  was  produced  by  the  steer  No.  3,  which  took  but 
13.48  pounds  of  meal  per  day.  Here  the  types  were  not  far 
diflferent.    Some  judges  preferred  the  <orm  of  No.  5  when  the 
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feeding  began.  He  took  his  fefed  regularly,  but  who  can  tell 
what  he  did  with  it?  It  was  apparently  digested  so  far  as 
one  could  judge  by  the  droppings.  No.  4,  the  nervous  and 
ill-natured  steer  only  gained  .80  pounds  per  day.  The 
reason  in  this  case  is  clear.  He  would  not  eat  enough,  nor 
would  he  rest.  But  why  did  No.  6  gain  only  1.24  pounds 
per  day,  though  he  consumed  more  meal  than  No.  3.  The 
type  in  the  case  of  No.  6  was  not  much  inferior  if  any  to 
that  of  No.  3. 

From  such  behavior  we  are  driven  to  the  conclusion  as 
one  result  of  this  experiment,  that  we  must  not  rely  too 
much  upon  type.  While  we  can  make  a  grand  good  use  of 
it  in  selecting  animals  for  feeding  as  in  selecting  them  for 
the  dairy,  we  must  not  stake  everything  on  it.  In  both 
there  are  some  exceptions.  The  inheritance  of  certain  other 
things  would  seem  to  be  quite  as  important  as  the  inherit- 
ance of  form.  In  some  instances  at  least  some  subtle  in- 
fluences lie  away  down  in  the  digestive  system  of  an  animal 
which  baffle  preconceived  judgments  as  to  the  outcome. 
Did  we  know  more  about  the  inheritance  of  the  animals 
we  would  doubtless  be  less  at  sea.  In  the  meantime  we  do 
wisely  when  We  remember  that  in  selecting  animals,  form 
does  not  tell  all  the  story  of  their  fitness  for  a  certain  end. 

Third,  the  absolute  average  gains  made  were  low,  not- 
withstanding that  they  were  excellent  in  at  least  three  in- 
stances. With  the  steer  No.  3  they  were  superior  to  any 
gains  that  have  yet  been  realized  at  this  station  for  so  long 
a  period  of  feeding.  Had  the  gains  made  by  all  the  steers 
been  low,  we  would  have  sought  for  the  result  in  some  un- 
toward conditions  regarding  food  or  management,  or  both, 
but  the  marked  well-doing  of  some  of  the  steers  sets  this  at 
rest.  That  the  steers  made  an  average  gain  of  but  1.44 
pounds  per  day  must,  therefore,  be  owing  to  the  poor  feed- 
ing quality  in  some  of  the  steers. 

And  just  here  it  may  be  mentioned  that  increasing  ma- 
terially the  proportions  of  concentrated  foods  fed  did  not 
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mend  matters.  During  the  first  11 2  days  of  the  experiment, 
the  steers  made^an  average  daily  gain  of  1.50  ponnds.  To 
produce  this  gain  they  were  fed  daily  on  an  average,  10.26 
pounds  of  hay  and  10.49  pounds  of  meal.  Subsequently  they 
made  a  daily  gain  of  but  1.36  pounds,  though  given  each 
day  6  06  pounds  of  hay,  6.79  pounds  ensilage,  and  14.51 
pounds  of  meal.  In  fact,  during  those  82  days  they  were 
given  all  the  meal  that  they  could  stand.  Of  course,  during 
the  last  part  of  a  term  ot  feeding,  animals  require  more  food 
to  make  equal  gains,  but  had  it  been  a  fact  that  some  of  the 
steers  were  being  fed  too  little  meal  before  March  7th  they 
should  have  gained  more  rapidly  subsequently,  which  they 
did  not.  To  illustrate,  take  the  three  steers  that  were  fed  a 
light  meal  portion  up  to  March  7th,  viz.,  Nos.  1,  4  and  7. 
Previous  to  that  date  they  were  fed  daily  on  an  average 
8.48  pounds  of  meal,  and  gained  1.31  pounds  each  per  day. 
Subsequently  they  were  fed  on  an  average  14.25  pounds  of 
meal  each  per  day,  and  made  an  average  daily  gain  of  1.30 
pounds. 

Table  XI.  gives  the  cost  of  each  food  factor  fed  to  the 
individual  animals,  and  also  the  cost  of  these  taken  to- 
gether. 

TABLE  XI.— OoBt  of  Food  Oonstimed. 


Hay. 

BnsilaKC 

Grain. 

Total  for 
Bach  Steer. 

No.  1 

$3.93 

ftn.TQ 

$10.42 
11.84 
12.43 
10.28 
10.23 
12.66 
10.38 
11.41 
12.31 

$16.14 
16.24 

Nt>.  '2 

3.10        !          "   .80 
3.69        I               .80 
2.76         1               .80 
3.31                        .76 
3.24. 

3.74.                        .74 
3.8ft                         .80 
3.22         1                .79 

No.  3 

No.  4. 

No.  5 

No   6 

16.92 

'  13.83 

14.29 

16.89 

No.  7 

No. 8 

No.  9 

14.86 
16.09 
16.32 

Total 

$80.86         1          $6.27 

$1U1.46 

$138.68 

A  noticeable  feature  of  this  and  indeed  of  all  feeding  for 
the  block  is  the  marked  contrast  between  the  cost  of  the 
fodder  and  that  of  the  grain.    The  former  cost  $37.13  and 
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the  latter  101.45,  or  nearly  three  times  as  much,  hence  the 
wisdom  of  trying  to  utilize  fodder  as  far  as  may  be  consis- 
tent when  fattening  animals. 

Table  XII.  gives  the  average  daily  cost  of  the  food  con- 
samed  by  the  individual  animals  during  the  first  112  days 
of  the  experiment,  during  the  last  82  days  of  the  same,  and 
during  the  whole  experiment. 

TABUS  Zn.— Average  Daily  Cost  of  Food  Oonsnmed. 


For  the 

First  112 

Dajfl. 


For  the  82 
Last  Days. 


For  the 
Whole    Ex- 
periment. 


No.  1 , 

No.  2 

No.  3 

No.  4 

No.  S 

No.  6 

No.  7 

No.  8 

No.  9 

Average 


Cts. 
6.50 
6.96 
8.09 
5.79 
6.17 
7.58 
6.64 
7  87 
7.77 


697 


Cts. 
946 
9.07 
9.59 
8.96 
8.99 
9.02 
1*.18 
9.49 
9.29 


9.23 


Cts. 
7.80 
7  86 
8.72 
7.18 
7.37 
8.19 
7.66 
8.27 
8.42 


7.94 


The  average  daily  cost  of  the  food  consumed  rises  from 
6.97  cents  per  animal  per  day,  during  the  first  period  of  112 
days  ot  moderate  feeding,  to  9.23  cents  per  day  during  the 
second  period  of  82  days  of  forced  feeding.  That  the  daily 
cost  usually  rises  with  the  advancement  of  the  fattening 
period,  and  that  the  daily  gains  usually  decrease  somewhat, 
is  common  experience.  But  in  this  experiment  the  relative 
rise  is  more  than  it  would  have  been  under  a  more  moderate 
system  of  feeding.  The  ration  fed  was,  therefore,  unneces- 
sarily costly,  while  the  forced  feeding  was  in  process,  and 
the  gains  resulting  were  probably  less  than  they  would 
have  been  under  more  moderate  feeding. 

Cost  of  Increase,— Table  XIII.  gives  the  cost  of  making 
100  pounds  of  increase  by  each  animal  during  the  first  112 
days  of  the  experiment,  during  the  last  82  days  of  the  same, 
and  during  the  entire  experiment. 
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TABIiB  Zm.— CkMit  of  Inorease  per  lOO  Pimnds. 


For  the  first 
112  days. 

For  the  last 
82  days. 

For  the  whole 
period,  194  daya. 

No.  1 

$4.03 
3.90 
3.29 
8.31 
6.20 
6.74 
4.12 
4.13 
7.26 

$4.79 
6.47 
4.62 
9.64 
9.67 
8.04 
9.18 
6.77 
6.93 

$4.39 
4  84 

No.  2 

No.  3 

3.80 

No.  4   

8  92 

No.  6 

6.80 

No.  6 

6.62 

No.  7 

6.71 

No.  8 

6.11 

No.  9 

7  10 

AyetAgt 

$6.11 

$7.82 

$6.92 

The  wonderful  difference  of  individuality  in  animals  that 
are  being  fattened,  in  turning  the  food  fed  to  them  to  ac- 
count, is  well  brought  out  in  the  above  table.  While  the 
steer  No.  3  made  100  pounds  of  increase  at  a  cost  of  $3.80, 
the  steer  No.  4  made  the  same  at  a  cost  of  $8.92. 

ProBt  Macfe.—Table  XIV.  gives,  1,  the  value  of  each 
individual  steer  when  the  experiment  began;  2,  the  cost  of 
the  food  fed;  3,  the  total  outlay;  4,  the  value  of  each  animal 
when  the  experiment  closed;  and  5,  the  profit  made  on  each. 
The  totals  are  also  given  in  each  instance. 

Table  XrV.— Valnea  and  Profit  Made  Daring  the  Bxperiment. 


Value  on  Nov. 

Value  on  May 

16,  when  the 

experiment 

beg^an. 

Cost  of  Pood. 

Total  Coat. 

28,  '98,  when 
the   experi- 

Profit. 

ment  closed. 

No.  1 

$29.6S 

$15.14 

$44.79 

$66.83 

$22.04 

No.  2 

22  64. 

16.24 

37.88 

63.42 

15.64 

No.  8 

28.97 

16.92 

45.89 

70.80 

24.41 

No.  4 

25. 60 

13.83 

39  43 

61.11 

11.68 

No.  5 

28.70 

14  29 

42.99 

58.97 

15.98 

No.  6 

.    28.97 

16.89 

44.86 

60.M2 

16.96 

No.  7 

26.87 

14.86 

40.73 

56.43 

16.70 

No.  8 

80.32 

16.09 

46.41 

66.60 

20.19 

No.  9 

30.99 

16.32 

47.81 

63.83 

16.62 

$251.71 

$138.58 

'^390.29 

$548.31 

$168.02 

The  results  as  stated  above  do  not  take  any  account  of 
shrinkage  and  for  manifest  reasons.  This  is  done  when  the 
financial  statement  is  given. 
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The  profit  is  most  satisfactory,  but  it  does  not  arise 
from  good  gains,  for,  as  previously  shown,  these  were  on 
the  average  low  rather  than  high.  The  substantial  profit 
is  then  the  outcome  of  the  low  cost  price  of  the  steers  as 
compared  with  the  selling  price,  than  of  successful  feeding. 

While  the  profit  made  Irom  feeding  9  steers  for  150  days 
in  1896,  that  is  to  say,  during  the  experiment  proper,  was 
only  $43.17,  as  stated  in  Bulletin  No.  58,  Section  No.  1, 
the  profit  from  the  nine  steers  now  under  consideration  was 
$158.07,  during  the  194  days  of  the  experiment  proper,  and 
yet  the  gains  made  during  the  former  were  much  better  than 
during  the  latter.  The  great  influence  which  the  price  paid 
and  received  exercises  on  profit  is  thus  emphasized. 

The  difference  in  the  individuality  of  animals  is  well 
brought  out  in  the  results  of  this  experiment.  II  the  steer 
No.  3,  which  made  the  highest  profit,  is  contrasted  with  the 
steer  No.  4,  which  made  the  lowest  profit,  the  comparison 
stands  thus :  While  the  former  gave  a  profit  of  $24.41 ,  the 
latter  gave  a  profit  of  but  $11.68,  that  is  to  say,  not  half 
as  much.  And  if  the  three  steers  which  made  the  highest 
gain  are  contrasted  with  the  three  which  made  the  lowest 
gain,  the  comparison  stands  thus:  While  the  profit  on  the 
first  three  aggregated  $66.64,  the  profit  on  the  last  three 
aggregated  but  $  ^2.92.  Great  is  the  power  of  individuality 
even  in  steers  that  are  being  fattened. 

It  may  also  be  mentioned  here  that  the  increase  made 
during  the  experiment  cost  $5.92  per  100  pounds.  As  it  was 
sold  for  $4.62V^  per  100  pounds,  it  cost  more  than  it  was 
worth,  a  result  brought  about,  first,  by  the  advanced  cost 
of  food,  and,  second,  by  the  moderate  gains  resulting  from 
feeding  it.  In  two  instances  only  was  the  increase  made 
worth  more  than  the  food  used  in  making  it.  These  were 
with  the  steers  in  Nos.  1  and  3  respectively. 

Disposal  of  the  Steers,-— The  steers  were  sold  to  Peter 
Van  Hoven,  of  New  Brighton.  They  were  slaughtered  for 
home  consumption,  that  is  to  say,  consumption  in  the  twin 
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cities  of  St.  Paul  and  Minneapolis.  The  price  paid,  as  stated 
above,  was  $4.62%  per  100  pounds  with  a  shrink  of  3  per 
cent. 

Financial  Statement. — Cash  received  for  9 

steers  May  28th,  1898,  shrunk  weight 

11,499   pounds,  at   $4.62y2   per    100 

pounds $531.83 

Value  of  9  steers  on  November  15th,  1897, 

on  the  basis  of  cost $251.71 

Cost  of  food 138.58 

Total  outlay $390.29 

Total  net  profit $141.54 

Net  profit  on  one  steer 15.73 

Observations.— 1,  Since  the  food  fed  was  charged  at  the 
average  market  values  in  the  state,  these  would  represent 
more  than  the  cost  of  growing  the  same,  and  would  there- 
fore be  so  far  unfavorable  to  the  making  of  profits. 

2.  The  value  of  the  manure  is  supposed  to  oifset  the 
cost  of  bedding  and  labor,  and  also  the  interest  on  the 
money  i  n  vol ved . 

3.  Had  the  experiment  been  closed  on  March  7th,  and 
had  the  steers  been  then  valued,  as  they  might  justly  have 
been,  at  the  prices  for  which  they  were  sold,  viz.,  $4.62Vi  per 
100  pounds,  the  greatest  profit  would  have  been  realized 
from  the  three  steers  in  lot  1,  which  were  fed  the  light  meal 
portion.  The  respective  profits,  excluding  shrink,  would 
have  been  for  those  of  lot  1,  $57.21;  for  those  in  lot  2, 
$54.58;  and  for  those  in  lot  3,  $55.59. 

IMPORTANT    FACTS    SUMMARIZED. 

Values — 

1.    Value  per  100  pounds  on  the  basis  of  cost  when 

the  experiment  began,  Nov.  15th,  1897 $2.69% 
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2.  Value  per  tOO  pounds  on  the  basis  of  actual 
receipts,  May  28th,  1898,  when  the  experiment 
closed $4.62H 

3.  Advance  in  value  per  100  pounds 1.93 

Freight— 

1.  Cost  of  freight  on  a  carload  of  cattle  (21  ani- 
mals) from  Culbertson,  Montana,  to  St.  Paul, 

702  miles,  including  food  charges  ($2.20) 87.80 

2.  Average  cost  of  freight  per  animal  on  the  9  steers 

fed  in  the  experiment  on  the  basis  of  weights 3.20 

Weights— 

1.  Average  weight  of  the  steers  when  the  experi- 
ment began,  Nov.  15th,  1897 1,038 

2.  Average  weight  at  the  close  of  the  experiment. 

May  28th,  1898 1,317 

Increase  in  Weight— 

1.  Average  increase  in  weight  of  each  steer  during 

the  194  days  of  feeding 279 

2.  Average  increase  in  weight  per  day  of  each  steer 
during  the  first  112  days,  when  the  feeding  was 
moderate 1.50 

3.  Average  increase  in  weight  per  day  of  each  steer 
during  the  last  82  days,  when  the  feeding  was 
forced 1.36 

4.  Average  increase  in  wei>jht  per  day  of  each  steer 
during  the  194  days  of  feeding 1.44 

Food  Consumed— 

1.  Average  daily  consumption  of  meal  per  animal 
during  the  first  112  days,  when  the  feeding  was 
moderate 10.26 

2.  Average  daily  consumption  of  meal  per  animal 
during  the  last  82  days,  when  the  feeding  was 
forced 14.51 
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3.  Average  daily  consumption  of  meal  per  animal  Lb«. 
during  the  entire  period  of  f€eding 12.19 

4.  Average  daily  consumption  of  food  per  animal 
during  the  whole  period  of  feeding 23.89 

Cost  of  Food.— 

Ctt. 

1.  Average  cost  of  food  per  animal  per  day  during 

the  first  112  days  when  the  feeding  was  moderate      6.97 

2.  Average  cost  of  food  per  animal  per  day  during 

the  last  82  days,  when  the  feeding  was  forced 9.23 

3.  Average  cost  of  food  per  animal  per  day  during 

the  whole  period  of  feeding 7.94 

Cost  of  Increase.— 

1.  Average  cost  of  making  100  pounds  of  increase 
during  the  first  112  days  of  the  experiment  when 

the  feeding  was  moderate $5.11 

2.  Average  cost  of  making  100  pounds  of  increase 
during  the  last  82  days  when  the  feeding  was 
forced 7.32 

3.  Average  cost  of  making  100  pounds  of  increase 
during  the  whole  period  of  feeding 5.92 

Increase  in  Value.— 

1.  Average  value  of  each  steer  without  shrink  on 
the  basis  of  cost  when  the  experiment  began, 
November  15th,  1897 27.97 

2.  Average  value  of  each  steer  without  shrink  when 

the  experiment  closed,  May  28th,  1898 60.91 

3.  Average  advance  in  value  on  each  steer  from 
feeding  for  194  days,  or,  during  the  entire  ex- 
periment  .' 32.94 

Pro£ts  — 

1.  Aggregate  net  profit  from  feeding  9  steers  for 

194  days 141.54 

2.  Average  net  profit  from  feeding  one  steer  for  the 

same  period 15.73 
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CONCLUSIONS. 

The  following  are  prominent  among  the  conclusions 
that  may  legitimately  be  drawn  from  the  experiment : 

1.  That  inasmuch  as  the  steers  fed  on  the  light  meal 
portion  gave  the  largest  profit  until  March  7th  or  as  long 
as  they  were  thus  fed,  this  result  is  in  keeping  with  those 
previously  obtained  from  feeding  steers  thus  at  our  station. 

2.  That  because  of  the  sullen  temper  and  restless  bear- 
ing of  two  of  the  steers  when  first  tied  up  and  of  the  ill- 
doing  of  the  one  of  these  retained  in  the  experiment,  range 
steers  would  not  seem  to  furnish  very  suitable  material  for 
being  finished  in  the  stall. 

3.  That  the  difference  in  the  capacity  of  animals  to 
make  increase  is  very  great,  since  in  this  experiment,  the 
average  daily  gains  on  the  same  ration  in  kind  ranged  from 
.80  pounds  per  day  to  2.21  pounds  per  day. 

4.  That  the  great  difference  in  the  ability  of  animals  to 
g^ve  profitable  returns  while  being  fattened  is  emphasized  in 
the  fact  that  the  steer  No.  3  made  100  pounds  of  increase  at 
an  average  cost  of  $3.80,  while  with  the  steer  No.  4  it  cost 
$8.92  to  secure  a  similar  increase. 

5.  That  while  good  type  is  one  guaranty  of  good  feed- 
ing, it  alone  does  not  furnish  a  sure  guaranty,  as  witnessed 
in  the  low  profits  relatively  from  the  steers  Nos.  4,  5  and  6, 
all  of  which  were  possessed  of  good  type. 

6.  That  the  decrease  in  the  relative  gains  during  the 
last  82  days  of  the  experiment,  with  the  marked  increase  in 
the  cost  of  the  same  while  the  steers  were  under  what  may 
be  termed  a  forcing  ration,  emphasizes  the  futility  of  attempt- 
ing to  force  gains  by  excessive  grain  feeding. 

Some  Averages  from  Two  Experiments. 

The  following  are  some  of  the  more  important  of  the 
averages  obtained  from  feeding  range  steers  taken  from  the 
two  experiments  conducted  at  our  station  in  this  line  of  work. 
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Values^ 

1.  Value  per  100  pounds  on  the  basis  of  cost  when 

the  animals  were  first  put  under  experiment $2.91% 

2.  Value  per  100  pounds  on  the  basis  of  receipts 
when  the  animals  were  sold 4.62^ 

3.  Advance  in  value  per  100  pounds 1.71% 

Weights— 

1.  Average  weight  per  animal  when  put  under  ex-      ^'^•• 
periment 1102% 

2.  Average  weight  per  animal,  without  shrink,  at 

the  close  of  the  feeding  period 1367 

3.  Average  increase  in  weight  per  animal  per  day....   1.67% 

Food  Consumed.— 

1.  Average  amount  of  meal  consumed  daily  by  one 
animal .• 11.65 

2.  Average  amount  of  ensilage  consumed  daily  by 

one  animal 10.76 

3.  Average  amount  of  hay  consumed  daily  by  one 
animal 9.19 

4.  Average  amount  of  food  consumed  daily  by  one 
animal 31.60 

Cost  of  Food  Consumed, —  cts. 

1.  Average  cost  of  food  for  one  steer  per  day 7.57 

2.  ,  Average  cost  of  making  100  pounds  of  increase...    $4.94 

Increase  in  Values. — 

1.  Average  value  when  the  experiment  began,  with- 
out shrink 32.24 

2.  Average  value  when  the  experiment  closed,  on 

the  same  basis 63.22 

3.  Average  advance  in  value  from  feeding  for  an 
average  period  of  162V2  days 30.98 

Proet— 

1.  Total  net  profit  on  18  steers  in  the  two  experi- 
ments   294.29 

2.  Average  net  profit  on  one  steer 16.35 
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SECTION  NO.  3. 


THOMAS  SHAW. 

No  question  pertaining  to  the  growing  of  live  stock  is 
attracting  so  much  attention  to-day  in  the  United  States  as 
that  of  the  bacon  hog.  Nor  is  there  any  question  in  live 
stock  circles  that  is  provoking  so  'much  of  controversy. 
The  writer  has  had  but  one  opinion  on  this  question,  viz.: 
That  the  average  hog  grown  in  the  United  States  must  be 
so  modified  in  the  near  future  as  to  more  nearly  resemble  the 
bacon  hog  in  form  and  characteristics,  and  that  the  change 
will  have  to  be  made,  even  though  not  one  pound  of  bacon 
should  be  sent  to  the  markets  of  Great  Britain.  This 
change  would  seem  to  be  inevitable  for  the  reason,  first,  that 
the  taste  of  the  consumer  calls  for  leaner  pork  than  was  in 
demand  during  the  recent  vanishing  days  when  the  lard  era 
prevailed ;  second,  that  it  will  give  our  pigs  more  bone  and 
stamina,  the  latter  of  which  is  the  crowning  requisite  of 
domestic  animals;  third,  that  it  will  greatly  increase  the 
prolificasy  of  our  swine,  and,  fourth,  it  will  accomplish  all 
this  without  seriously  decreasing  their  capacity  to  produce 
much  increase  relatively  from  a  minimum  of  food. 

There  are  two  ways  of  obtaining  such  a  result.  The 
first  is  by  selection,  and  the  second  is  by  crossing.  The  first 
is  the  easiest  of  adoption  by  far  by  the  average  American 
breeder,  because  of  the  paucity  of  the  material  for  crossing, 
but  it  is  considerably  the  slower  method  of  the  two.  By 
the  first  method  the  swine  grower  must  needs  select  sows 
for  breeding  long  and  deep  and  rangy  in  body,  and  standing 
on  good  limbs.  He  must  needs  select  good,  strong,  vigor- 
ous boars,  but  less  rangy  than  the  sows.  He  must  adapt 
his  food  to  the  needs  of  the  bacon  hog  by  making  it  more 
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nitrogenous  than  a  diet  is  when  composed  mainly  of  corn, 
and  in  a  few  generations  he  will  have  his  bacon  hog,  and 
without  any  serious  dimunition  of  good  growing  and  good 
feeding  qualities.  By  the  second  method,  boars  of  the  Im- 
proved Large  Yorkshire  and  Tamworth  breeds  will  be 
crossed  upon  the  short-bodied  sows  that  abound  in  all 
parts  of  the  land,  and  more  especially  within  the  corn  belt. 
The  boars  of  these  respective  breeds  should  only  be  chosen 
for  these  crosses  with  discrimination.  Those  rangy  beyond 
a  certain  degree  should  be  rejected,  lest  excessive  range  in 
the  male  should  impart  to  the  progeny  a  lack  of  feeding 
qualities.  The  first  cross  will  give  the  animal  sought.  If 
our  people  would  only  smash  and  thow  away  the  glasses  of 
prejudice  with  which  they  view  this  matter,  and  if  they 
would  but  introduce  this  cross  where  it  can  be  done,  they 
would  be  astonished  at  the  renovating  influence  it  would 
have  upon  their  swine  in  a  single  generation. 

With  the  writer,  experimentation  with  these  crosses  is 
no  new  thing,  nor  is  experience  in  growing  the  Improved 
Yorkshire  and  Tamworth  swine.  While  at  the  Ontario  Ex- 
periment Station,  these  crosses  were  being  made  from  year 
to  year.  Not  much  was  published,  however,  regarding 
them,  because  of  the  severance  of  relations  with  that  insti- 
tution at  a  time  when  the  work  was  yet  in  progress.  But 
enough  was  done  to  convince  one  of  the  much  power  which 
both  these  breeds  have  to  bring  great  renovation  to  the 
swine  that  we  have,  enfeebled,  as  many  of  them  are,  by  gen- 
erations of  imprudent  feeding,  more  especially  in  the  corn 
belt 

Experimentation  in  making  these  crosses  began  at  our 
station  in  1894.  This  was  some  three  years  prior  to  the 
now  famous  utterance  of  Secretary  Wilson  on  Tamworth 
swine.  And  much  material  would  now  be  on  hand  for 
publication  with  regard  to  them,  but  for  an  untoward  event 
that  destroyed  so  much  of  the  same  as  to  well  nigh  erase 
the  somewhat  elaborate  system  of  crosses  that  had  been 
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instituted.  In  an  evil  hour  the  pestilence  that  walketh  in 
darkness  swept  through  our  herd  and  it  left  us  with  much 
of  our  precious  treasure  to  bury  in  the  form  of  dead  swine. 
The  dread  disease  hog  cholera  had  been  brought  to  us  in  the 
early  spring  of  1897,  doubtless  by  some  visitor,  and  we 
were  left  lamenting  the  loss  of  the  work  of  years. 

Our  little  experiment  however  escaped  the  wreck,  and 
for  the  reason  that  it  had  been  completed  the  previous 
autumn,  the  details  of  this  experiment  are  given  in  the 
bulletin.  When  speaking  to  the  farmers  about  these  crosses, 
the  writer  had  been  frequently  met  with  the  objection,  that 
while  the  first  cross  might  be  good,  the  second  cross  would 
show  retrogression,  and  that  subsequent-  crosses  would 
show  still  further  retrogression.  The  experiment  was  under- 
taken in  the  hope  of  throwing  some  light  on  the  question 
raised,  and  more  especially  as  to  the  relative  merits  of  the 
progency  of  Improved  Yorkshire  sires  of  the  first  and  second 
crosses.  .The  direct  bearing  of  this  whole  question  upon  the 
future  prosperity  of  our  State  is  the  apology  for  the  some- 
what prolonged  introduction  to  this  bulletin,  since  no  State 
in  the  Union  possesses  a  higher  natural  adaption  to  the  pro- 
duction of  the  bacon  pig  than  our  Own,  because  of  the  great 
variety  and  abundance  of  the  foods  that  may  be  grown. 

Time  Covered  by  the  Experiment. — The  experiment  com- 
menced July  13th,  1896.  It  ended  November  2d  of  the 
same  year.  It  thus  covered  112  days.  It  was  made  up  of 
four  periods  of  28  days  each.  It  is  not  to  be  regarded 
simply  as  an  experiment  in  fattening  swine,  but  rather  as 
an  experiment  in  growing  and  fattening  them  combined. 

The  Objects  of  the  Experiment, — Chief  among  the  objects 
of  the  experiment  were  the  foUorwing:  1,  to  ascertain  the 
relative  merits  of  swine  of  the  first  and  second  crosses  from 
improved  Yorkshire  sires  in  producing  growth  and  for 
fattening;  2,  to  ascertain  the  relative  values  of  com  and 
barley  respectively  as  food  for  swine  when  fed  as  in  the 
experiment;  and  3,  to  ascertain  the  financial  outcome  under 
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the  existing  conditions.  And  prominent  among  the  second- 
ary objects  were  the  following :  1,  to  ascertain  the  relative 
daily  increase ;  2  the  food  used  in  making  it ;  and  3,  the  cost 
of  the  same. 

The  Animals  Used. — The  animals  used  in  the  experiment 
were  chosen  from  two  litters,  designated  respectively  as  the 
first  and  second  Yorkshire  crosses.  Six  individuals  of  each 
cross  were  fed.  Those  of  the  first  cross  were  from  a  first 
class  pure  bred  improved  Yorkshire  boar  and  a  high  grade 
Berkshire  sow  of  somewhat  heavy  build.  In  the  sow  there 
was  probably  a  dash  of  Poland  China  blood  as  indicated 
by  her  large  and  almost  pendent  ears.  The  pigs  of  the 
second  cross  were  by  the  same  Yorkshire  sire  and  out  of  a 
first  cross  Yorkshire  dam.  This  dam  was  the  progency  of 
the  sow  referred  to  above  and  a  pure  Yorkshire  sire.  The 
grade  Berkshire  dam  was  of  course  black  in  color  with 
white  points.  The  first  cross  Yorkshire  dam  was  pure 
white,  a  beautifully  formed  and  handsomely  developed  sow. 

The  six  first  cross  pigs  were  Irom  the  second  litter  pro- 
duced by  the  dam.  The  litter  comprised  8  living  animals. 
They  were  farrowed  March  27th,  and  were  reared  on  the 
dam  until  fully  10  weeks  old.  Subsequently  and  until  they 
entered  the  experiment,  they  were  fed  skim  milk  and  shorts 
with  a  small  proportion  of  oats  and  barley  added.  They 
had  the  run  of  a  pasture  of  about  an  acre,  more  or  less,  but 
could  get  but  little  food  therefrom,  and  in  consequence  they 
were  given  some  green  lood,  chiefly  grass,  which  was  carried 
to  them.  The  six  second  cross  pigs  were  the  first  litter  pro- 
duced by  the  dam,  and  they  embraced  the  whole  litter. 
They  were  farrowed  March  30th,  and  were  similar  in  all 
respects  to  the  pigs  of  the  first  Htter. 

Conditions  Governing  the  Experiment, — The  pigs  were 
divided  into  four  lots  of  3  each.  Lots  1  and  3  comprised 
pigs  of  the  first  cross  and  lots  2  and  4  pigs  of  the  second 
cross.  Lots  1  and  2  were  given  the  corn  diet  described 
below,   with  adjuncts,  and  lots  3  and  4  were  given  the 
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barley  diet  with  similar  adjuncts.  The  apartments  of  the 
piggery  in  which  they  were  fed  were  side  by  side,  and  each 
was  8x12  feet  in  area.  Each  lot  had  the  run  of  a  small 
paddock  for  an  hour  or  more  every  day.  The  pigs  were 
weighed  at  the  beginning  and  close  of  the  experiment,  and 
also  at  the  end  of  each  intervening  week. 

Both  litters  were  108  days  old  when  the  experiment 
began;  as  the  pigs  of  the  first  cross  were  put  under  experi- 
ment 3  days  earlier  than  those  of  the  second  cross,  but 
with  them  the  experiment  also  ended  3  days  sooner.  The 
conditions  of  the  experiment  therefore  were  very  even.  The 
pigs  were  from  the  same  sire,  were  farrowed  practically  at 
the  same  time,  and  were  the  same  age  when  the  experiment 
began  and  closed. 

Food  and  Feeding.— Th^  pigs  in  lots  1  and  2  were  fed 
oats  and  com  during  the  first  period  in  the  proportions  of  3 
and  1  parts  respectively  by  weight.  During  the  second 
period  the  proportions  of  these  foods  were  2  and  2  parts 
respectively.  During  the  third  period  they  were  1  and  3 
parts  respectively,  and  during  the  fourth  period  com  only  was 
fed.  The  pigs  in  lots  3  and  4?  were  fed  similarly  except  that 
barley  was  substituted  for  com.  The  grain  was  all  ground. 
It  was  prepared  by  soaking  in  cold  water  for  12  hours  pre- 
vious to  feeding,  but  that  fed  at  noon  was  soaked  for  but 
six  hours.  A  small  amount  of  salt  was  also  added  daily  to 
the  food.  It  was  fed  in  three  feeds,  and  the  pigs  were  given 
all  that  they  would  eat  clean  and  with  a  relish.  They  were 
also  given  such  green  food  as  was  in  season.  The  green  food 
comprised  com,  second  growth  clover,  rape  and  cabbage. 

Estimated  Value  of  the  Food.— -The  food  was  estimated 
at  the  average  market  values  in  the  State.  These  were  very 
low  at  the  time,  but  not  relatively  lower  probably,  than  the 
price  of  pork. 

These  market  values  were  as  follows : 

Oats,  per  bushel  of  32  pounds $0.14 

Barley,  per  bushel  of  4?8  pounds 16 
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Com,  per  bushel  of  56  pounds $0.18 

Green  food,  per  ton 75 

An  allowance  of  5  cents  per  sack  was  made  for  grinding 
the  grain.  This  is  the  usual  charge  for  such  work.  The 
charges  for  grinding,  therefore,  would  make  the  oats  16^ 
cents,  the  barley  18%  cents  and  the  corn  20%  cents  per 
bushel. 

Food  Consumed,  — Table  XV.  gives  the  respective 
amounts  of  each  kind  of  grain  and  also  of  the  green  food 
consumed  by  the  animals  of  the  respective  lots ;  first,  during 
each  period  of  the  experiment,  and  second,  during  the  whole 
experiment. 

TABLB  ZV.^Food  Oonsuxned  by  the  Pig-s. 


Oats. 

Corn. 

Green  Food. 

Total. 

I.OT1— 

First  Period 

Lbs. 
177% 
136 
100% 

Lbs. 

62% 
136 
301% 
480 

Lbs. 

106 
60 
90 
66 

Lbs. 
346 

Second  Pcriiid 

882 

Third  Period 

Fourth  Period 

492 
646 

Total 

414 

980 

322 

1,716 

Lot  2 — 
First  Period 

197 
142 
110% 

66 
142 
331% 
496 

130 
62 
30 
86 

392 

Second  Period •••••••••• 

336 

Third  Period 

472 

Fourth  Period 

680 

Total 

449% 

1,033% 

297 

1,780 

Lots— 
First  Period 

161 
132 

87 

Barley. 

64 

132 

261 

361 

111 
60 
30 
66 

316 

Second  Period 

324 

'Jhird  Period 

Thrt M rth  Peri od..* • 

.M78 
427 

Total 

370 

808 

267 

1,446 

Lot  4 — 
First  Period 

185 
134 
139 

59 
134 
255 
378 

130 
62 
30 
85 

374 

Second  Period 

320 

Third  Period 

424 

Fourth  Period 

463 

Total 

4S8 

826 

297 

1,681 

It  will  be  observed  that  the  total  consumption  of  food 
was  greatest  with  the  pigs  which  were  given  corn  rather 
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than  barley.  While  this  was  true  from  the  commencement 
of  the  feeding  period,  it  was  more  remarkably  so  during  the 
later  periods  of  the  feeding.  This  would  seem  to  bear  out 
the  idea  which  to  some  extent  prevails,  that  barley  tends  to 
decrease  the  appetite,  when  fed  freely  to  swine  for  a  long 
period.  The  diflFerence  in  the  amounts  of  green  food  con- 
sumed during  the  different  periods  is  also  very  noticeable. 
This  was  owing  largely  to  the  kind  of  the  food  fed,  and  to 
the  succulence  of  the  same.  At  the  first,  succulent  com  was 
fed.  Of  this  the  consumption  was  considerable.  Then  the 
com  became  less  succulent,  and  there  was  a  decrease  in  the 
consumption.  Toward  the  last,  rape  and  cabbage  were  fed. 
Pigs  are  fond  of  both,  and  both  are  excellent  adjuncts  to  a 
heavy  grain  diet.  But  the  relatively  small  consumption  of 
green  food  to  the  total  consumption  is  also  noticeable.  The . 
total  of  grain  consumed  was  5,339  pounds,  and  the  total  of 
green  food  1,183  pounds,  that  is  to  say,  the  consumption 
of  the  latter  was  only  a  little  more  than  22  per  cent,  of  the 
former. 

Table  XVI.  gives  the  average  amount  of  each  food 
factor  consumed  per  day  by  the  animals  in  each  lot,  and  the 
total  average  daily  consumption  of  these  taken  singly  and 
together. 

TABLB  ZVX— DaUy  OoDsmnption  of  Food . 


Oata. 

Com. 

Barley. 

Green  Food. 

Total. 

LfOt  1 

LbB. 

1.23 
1.34 
1.10 
1.86 

Lbs. 
2.92 

8.08 

Lbs. 

Lbs. 
.96 

.88 
.79 
.88 

Lbs. 
5  11 

Lot  2 

ft.30 

Lot  3 

2.4.0 
2.46 

4.29 

I^t  4 

4.70 

Average. 

1.26 

3.00 

2.43 

.88 

4  85 

Reference  has  already  been  made  to  the  greater  con- 
sumption of  food  by  the  lot3  which  received  thecomas 
compared  with  those  which  received  the  barley.  In  this 
table  the  contrast  is  rendered  more  apparent.  The  differ- 
ence in  the  average  consumption  of' corn  per  day  as  com- 
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pared  with  barley  was  a  little  more  than  half  a  pound.  But 
the  whole  of  this  is  not  to  be  attributed  to  the  diet,  as  the 
pigs  in  lot  3  were  low  in  consumption  of  food  relatively, 
to  some  extent  at  least,  from  constitutional  bias.  They 
were  lowest,  as  will  be  seen  later,  in  point  of  gain.  The 
pigs  of  the  first  cross  consumed  somewhat  less  food  per  day 
than  those  of  the  second  cross.  The  average  daily  con- 
sumption with  the  former  was  4.70  pounds,  and  with  the 
latter  5.00  pounds. 

Weights  of  the  4mina/s.— Table  XVII.  gives  the  aver- 
age weight  of  the  pigs  in  each  lot  at  the  commencement  of 
the  experiment  and  at  its  close,  with  the  total  gain  made  by 
the  pigs  in  each  lot. 

TABLE  ZVn.— Weiffhts  and  Inoreaae. 


Weigrht 

'When  the 

Experiment 

bet^an. 

Weight 

when  the 

Experiment 

closed. 

Total 
Increase. 

Lot  1 

Lbs. 
247 
275 
247 
279 

Lbn. 
601 
603 
626 
667 

Lbs. 
364 
328 
279 
288 

Lot  2 

Lot  3 

Lot  4 

Total 

1048 

2297 

1249 

The  evenness  in  the  weights  of  the  animals  of  each  class 
at  the  commencement  of  the  experiment  is  marked.  Those 
in  lots  1  and  3  of  the  first  cross  weighted  collectively  exactly 
the  same.  Those  in  lots  2  and  4  also  weighed  practically 
the  same,  as  the  difference  in  the  aggregate  weights  is  only 
4  pounds.  The  total  weight  of  the  6  pigs  of  the  second 
cross  was,  however,  60  pounds  more  than  that  of  the  6  pigs 
of  the  first  cross,  though  exactly  the  same  age  and  fed  simi- 
larly. But  at  the  end  of  the  experiment  this  advantage  was 
slightly  modified.  The  6  pigs  of  the  second  cross  weighed 
too:etherat  that  time  but  43  pounds  more  than  the  6  pigs  of 
the  first  cross.  In  other  words,  the  latter  made  more  gain 
by  17  pounds  than  the  former. 
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Tabk  XVIII.  gives  the  increase  in  weight  made  by  the 
pigs  in  the  several  lots  during  the  diflFerent  periods  of  the 
experiment. 

TABLE  JL  V  JXL.  -  Increase  Daring  Baoh  Period. 


Ist  Period. 

2d  Period. 

3d  Period. 

4tli  Period. 

Total. 

Lot  1 

Lbs. 
33% 

Lbs. 
80 

Lbs. 
1011^ 
104 
103H 

87H 

Lbs. 
133 
111 

73V4 
103 

Lbs. 
364 

Lot  2 

328 

LrOt  3 

27l» 

Lot  4 

288 

A-verage.  ... 

43 

65 

99 

106 

312 

Three  facts  at  least  revealed  by  the  above  table  should 
not  escape  notice.  First,  the  increase  made  by  the  pigs  in 
each  of  the  lots  was  relatively  small  during  the  first  period 
of  the  feeding,  when  75  per  cent,  of  the  grain  food  was  com- 
posed of  oats.  The  small  gains  made  during  this  period  and 
the  indifferent  gains  made  during  the  next  period,  seriously 
cut  down  the  daily  average  of  the  gains.  Second,  the  gains 
increase  as  the  proportionate  quantities  of  the  corn  and 
barley  fed  increase,  with  the  advancement  of  the  experiment. 
The  warm  weather  in  the  summer  may  have  retarded  the 
gains  during  the  first  and  second  periods,  but  making  due 
allowance  for  this,  the  proportion  of  the  oats  fed  would 
seem  to  be  too  large,  and  third,  the  6  pigs  to  which  com 
were  fed  made  together  115  pounds  more  increase  than  those 
to  which  barley  were  fed. 

A  statement  of  the  daily  average  increase  made,  in 
several  of  its  phases  is  now  given : 

Lbs. 

Average  daily  increase  of  the  pigs  in  Lot  1 1.05 

Average  daily  increase  of  the  pigs  in  Lot  2 98 

Average  daily  increase  of  the  pigs  in  Lot  3 83 

Average  daily  increase  of  the  pigs  in  Lot  4 86 

Average  daily  increase  of  the  pigs  in  all  the  Lots 93 

Average  daily  increase  of  the  pigs  of  the  first  cross.......     .94 

Average  daily  increase  of  the  pigs  of  the  second  cross...     .92 
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Averagedaily  increase  of  the  pigs  to  which  corn  was    Lbs. 

fed 1.02 

Average  daily  increase  of  the  pigs  to  which  barley  was 

fed '. 84 

The  average  is  not  high  with  the  pigs  in  any  of  the  lots, 
and  the  reason  has  been  given. 

Table  XIX.  gives  the  cost  of  each  food  factor  fed  to  the 
animals  of  the  respective  lots,  and  also  the  cost  of  these 
taken  together. 

TABLE  XIX.— Cost  of  Food  Consumed. 


Oat0. 

Com. 

Barley. 

Green  Food. 

Total. 

Lot  1   .... 

$2.13 
2.32 
1.91 
2.86 

$3.69 
3.78 

$0.12 
.11 
.10 
.11 

$5.84 
6.21 

Ix>t  2. 

Lot  3 

$3.11 
3.18 

5.12 

IX)t  4 

6  65 

Total 

$8.72 

S7.37 

$6.29 

$0.44 

$32.82 

Oats  were  the  most  expensive,  relatively,  of  all  the  foods 
fed,  as  will  be  apparent  by  referring  to  the  estimated  cost  of 
the  food.  And  so  it  has  been  in  all  our  experimental  feeding 
in  the  west.  Because  of  this,  however,  we  must  ijot  leap  to 
the  conclusion  that  they  should  not  be  fed  at  all  in  fattening 
animals. 

This  has  not  been  proved.  But  until  relative  values 
change,  they  should  certainly  be  used  in  such  feeding  with 
moderation.  The  lower  cost  of  the  barley  ration  gives  only 
one  phase  of  the  story,  as  will  be  shown  below. 

Values  and  Proi5t.— Table  XX.  gives  the  value  of  the 
pigs  in  each  lot  when  the  experiment  began  and  ended,  the 
cost  of  the  food  fed,  and  the  resulting  profit. 

The  estimated  value  put  upon  the  pigs  when-  the  experi- 
ment began  was  $3.00  per  100  pounds.  This  may  seem  low 
but  pigs  were  selling  very  cheaply  throughout  the  entire 
year.  Nor  was  it  so  low  relatively  as  the  selling  price, 
which  was  only  $3.15  per  100  pounds.  The  profit  on  the 
6  com  fed  pigs  was  $10.21,  while  that  on  the  6  barley  fed 
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I.Ot  1. 

Lot  2. 

Lot  3. 

Lot  4. 

Total. 

Value  on  July  13th,  when 
Cost  of  fbod 

7.41 
6.84 

$8.26 
6.21 

$7.41 
6.12 

$8.37 
6.66 

$81.44 
22  82 

Total  cott 

$13.25 
18.93 

$14.46 
18.99 

$12.53 
16.67 

$14.02 
17.86 

$64.26 

Yalne  on  Nov.  2d,  when  the 

^Tn^rim^n^  oinsrri 

72  35 

Profit 

$6.68 

$4.63 

$4.04 

$3.94 

$18.09 

pigs  was  $7.88.  The  diflFerence  in  favor  of  the  former  was 
$2.33.  The  profit  on  the  6  pigs  of  the  first  cross  was  $9.72 
and  on  the  6  pigs  of  the  second  cross  $8.37.  The  diflFerence 
in  profit  in  favor  of  the  former  was  $1.35,  Too  much,  how- 
ever, must  not  be  made  of  this  fact,  as  the  value  of  the  6 
pigs  of  the  second  cross  when  the  experiment  closed  was 
$36.85,  while  that  of  the  6  pigs  of  the  first  cross  was 
$35.50.  The  value  of  the  former,  therefore,  exceeded  the 
value  of  the  latter  by  $1.35.  Notwithstanding  that  the 
pigs  were  precisely  the  same  age,  and  that  in  all  respects 
they  had  been  similarly  treated  and  fed,  the  profit  made 
from  feeding  each  animal  for  112  days  was  $1.51. 

Cost  of  Increase.— The  cost  of  making  100  pounds  of 
increase  was  as  stated  below : 

With  the  animals  in  lot  1 $1.65 

With  the  animals  in  lot  2 1.89 

With  the  animals  in  lot  3 1.83 

With  the  animals  in  lot  4 1.96 

With  the  animals  that  were  fed  corn 1.77 

With  the  animals  that  were  fed  barley 1.90 

With  the  animals  of  the  first  cross 1.74 

With  the  animals  of  the  second  cross 1.93 

With  the  animals  in  all  the  lots 1.83 

It  would  seem  to  be  well  nigh  impossible  to  make  pork 

at  an  average  cost  of  $1.83  per  100  pounds,  and  yet  such 

^was  the  outcome  in  an  experiment  which  gave  relative  gains 
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that  were  only  moderately  good.  Such  a  result  emphasizes 
the  extent  of  the  advantage  which  the  relatively  low  prices 
of  food  in  the  West  give  to  the  Western  farmer  who  is  also 
a  grower  of  pork. 

Disposal  of  the  Swine, — At  the  close  of  the  experiment 
the  pigs  were  sold  to  the  supply  department  of  the  School 
of  Agriculture,  and  as  stated  previously,  the  price  obtained 
was  $3.15  per  100  pounds.  Prices  had  touched  bottom  at 
the  time,  hence  though  the  sum  received  for  them  may  seem 
very  low,  it  was  all  that  could  have  been  obtained  for  them 
in  the  open  market  of  the  Twin  Cities  of  St.  Paul  and 
Minneapolis.  They  were  slaughtered  by  Mr.  A.  Boss  in 
charge  of  the  department  which  gives  instruction  to  the 
students  in  dressing  meats.  He  pronounced  the  quality  of 
the  meat  as  super-excellent.  The  proportion  of  the  side 
meat  was  considerably  larger  than  is  usually  found  in 
Western  pigs,  the  proportion  of  the  lean  to  the  fat  was  also 
greater,  and  the  blending  of  the  fat  and  lean  was  more  per- 
fect. It  also  made  very  pleasant  and  tender  eating  as  may 
be  attested  by  many  competent  witnesses  in  the  locality. 
The  proportion  of  lean  in  the  pigs  to  which  barley  was  fed 
was  somewhat  greater  than  in  those  to  which  com  was  fed. 

Financial  Statement.— 
Price  received  for  the  pigs  on  November 

2nd,  1896,  when  the  experiment  closed  $72.35 

Estimated  value  of  the  pigs  on  July  13th, 

1896,  when  the  experiment  began $31.44 

Cost  of  food 22.82 

Total  outlay \ 54.26 

Total  net  profit $18.09 

Net  profit  on  one  animal 1.51 

Observations.— 1,  It  will  be  noticed  that  the  food  was 
estimated  at  average  marketvalues  in  the  State.  Ordinarily 
these  would  be  in  excess  of  the  cost  of  production  and  there- 
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fore  in  excess  of  the  home  values.  In  this  instance  however 
the  diflFerence  could  not  be  much  because  of  the  very  low 
cost  of  the  food. 

2.  The  value  of  the  manure  is  supposed  to  cflfset  the 
cost  of  labor,  the  cost  of  litter,  and  the  interest  on  the 
money  invested. 

IMPORTANT    FACTS    SUMMARIZED. 

Values— 

1.  Estimated  value  per  100  pounds  when  the  experi- 
ment began,  July  13th,  1896 $3.00 

2.  Value  per  100  pounds  when  the  ei^periment 
closed,  November  2d,  1896,  on  the  basis  of  actual 
receipts 3.15 

2.    Advance  in  value  per  100  pounds 15 

Weig-bts — 

1.  Average  weight  of  the  6  pigs  of  the  first  cross 
when  the  experiment  began 82 

2.  Average  weight  of  the  6  pigs  of  the  second  cross 
when  the  experiment  began 92 

3.  Average  weight  of  all  the  pigs  when  the  experi- 
ment began 87 

4.  Average  weight  of  the  6  pigs  of  the  first  cross 
when  the  experiment  closed 188 

5.  Average  weight  of  the  6  pigs  of  the  second  cross 
when  the  experiment  closed .' 195 

6.  Average  weight  of  all  the  pigs  when  the  experi- 
ment closed 192 

Increase  in  Weight— 

1.  Average  daily  increase  in  weight  of  the  6  pigs  of 

the  first  cross 94? 

2.  Average  daily  increase  in  weight  of  the  6  pigs  of 

the  second  cross 92 

3.  Average  daily  increase  in  weight  of  the  6  pigs 
which  were  fed  corn 1.02 
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4.  Average  daily  increase  in  weight  of  the  6  pigs       Lbs. 
which  were  fed  barley 84 

5.  Average  daily  increase  in  weight  of  the  pigs  in 

all  the  lots 94 

Food  Consumed— 

1.  Average  daily  consumption  of  food  by  each  of  the 

6  pigs  of  the  first  cross 4.70 

2.  Average  daily  consumption  of  food  by  each  of  the 

6  pigs  of  the  second  cross 5.00 

3.  Average  daily  consumption  of  food  by  each  of  the 

6  pigs  to  which  com  was  fed 5.21 

4.  Average  daily  consumption  of  food  by  each  of  the 

6  pigs  to  which  barley  was  fed 4.50 

5.  Average  daily  consumption  of  food  by  each  pig  in 

all  the  lots 4.85 

Cost  of  Increase— 

1.  Average  cost  of  making  100  pounds  of  increase 
with  the  6  pigs  of  the  first  cross $1.74 

2.  Average  cost  of  making  100  pounds  of  increase 
with  the  6  pigs  of  the  second  cross 1.93 

3.  Average  cost  of  making  100  pounds  of  increase 
with  the  6  pigs  to  which  corn  was  fed 1.77 

4.  Average  cost  of  making  100  pounds  of  increase 
with  the  6  pigs  to  which  barley  was  fed 1.90 

5.  Average  cost  of  making  100  pounds  of  increase 
with  the  12  pigs  in  the  experiment 1.83 

Increase  in  Value— 

1.  Average  value  of  each  of  the  6  pigs  of  the  first 
cross  when  the  experiment  began 2.47 

2.  Average  value  of  each  of  the  6  pigs  of  the  first 
cross  when  the  experiment  closed 5.92 

3.  Average  increase  in  value  of  each  pig  of  the  first 
cross 3.45 
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4.  Average  valae  of  each  of  the  6  pigs  of  the  second 
cross  when  the  experiment  began $2.77 

5.  Average  value  of  each  of  the  6  pigs  of  the  second 
cross  when  the  experiment  closed 6.14 

6.  Average  increase  in  value  of  each  of  the  6  pigs  of 

the  second  cross 3.37 

Pro£ts— 

1.  Aggregate  net  profit  from  feeding  12  pigs  for  112 
days 18.09 

2.  Average  net  profit  fro^p  feeding  one  pig  for  the 
same  period 1.51 

CONCLUSIONS. 

The  following  stand  prominent  among  the  conclusions 
that  may  be  drawn  from  the  experiment : 

1.  That  because  of  the  low  relative  gains  made  by  the 
pigs  in  all  the  lots  during  the  first  period  of  feeding,  and 
because  of  the  relative  increase  in  the  gains  subsequently  as 
the  proportion  of  the  oats  fed  was  lessened,  the  conclusion 
would  seem  to  be  legitimate  that  a  diet  in  which  oats  is  a 
predominant  factor  is  not  the  most  suitable  one  that  can  be 
fed  to  pigs  while  being  grown  and  fattened. 

2.  That  because  of  the  low  consumption  of  food  by  the 
pigs  to  which  barley  was  fed^  the  conclusion  would  seem  to 
be  legitimate  that  the  free  use  of  barley  long  continued  in 
growing  and  fattening  pigs  tends  to  weaken  the  appetite  at 
least  to  some  extent.    • 

3.  That  because  of  the  low  gains  made  by  the  pigs  to 
which  barley  was  fed,  the  conclusion  would  seem  to  be  fair 
that  a  barley  diet  long  continued  is  not  quite  so  well  fitted 
to  make  increase  in  weight  as  a  com  diet,  the  other  adjuncts 
being  the  same  as  in  the  experiment. 

4.  That  since  the  pigs  of  the  first  cross  made  somewhat 
better  gains  and  on  less  food  than  those  of  the  second  cross 
this  experiment  favors  the  view  that  they  were  a  little  more 
easily  kept. 
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5.  That  because  of  the  smallness  of  the  difference  in  the 
relative  gains  of  the  animals  of  the  two  respective  crosses, 
the  experiment  does  not  prove  that  one  cross,  as  such,  has 
any  superiority  over  the  other  in  capacity  to  make  gains. 

6.  That  with  the  prices  of  food  and  meat  as  in  the 
experiment  100  pounds  of  pork  may  be  produced  at  a  cost 
of  $1.83  and  yielding  a  profit  of  $1.32. 


Digitized  by  VjOOQIC 


UNIVERSITY  OF  MINNESOTA.. 


Agricultural  Experiment  Station. 


BULLETIN  No.  61. 


DIVISION    OF   ENTOMOLOGY. 


DEsOETUCBeR,  1898. 


BUTTERFLIES  AKD  MOTHS. 
INJURIOUS  TO  OUR  FRUIT-PRODUCING  PLANTS. 


ST.  ANTHONY  PARK.  RAMSEY  COUNTY,  MINNESOTA. 


MC6tI.t.-WARMBK  Co.,  Pbintbrs,  St.  Paui.. 


Digitized  by  VjOOQIC 


FROM  THE  LIBRARY  Of 

ARTHUR  B.  SEYMOUR 

A^RIl  2.  Id33 

UNIVERSITY  OF  MINNESOTA. 


BOARD  OF  REGENTS: 

Term  B^pircs. 
The  HON.  JOHN  S.  PILI^BURY,  Minneapolis,  -  -  Regent  for  Life. 
The  HON.  DAVID  M.  CLOUGH,  Minneapolis,   -       -       -  Ex-Officio. 

The  Governor  of  the  State. 
CYRUS  NORTHROP,  LL.  D.,  Minneapolis,     -       -       -       -      Ex-Omdo. 

The  President  of  the  University. 
The  HON.  W.  W.  PENDERGAST,  M.  A.,  Hutchinson,    -  Ex-OfHcio. 

The  State  Superintendent  of  Public  Instruction. 
The  HON.  STEPHEN  MAHONEY,  B.  A..  Minneapolis,  -       -       -       1901 

The  HON.  SIDNEY  M.  OWEN,  Minneapolis, 1901 

The  HON  ALPHONSO  BARTO,  St.  Cloud, 1902 

The  HON.  THOS.  WILSON,  St.  Paul. 1902 

The  HON.  W.  M.  LIGGETT,  St.  Anthony  Park,      -       -       -       .       1903 

The  HON.  A.  E.  RICE,  WiLLMAR, -        .       -    1903 

The  HON.  ELMER  C.  ADAMS,  B.  A.,  Fergus  Falls,  -       -       1903 

The  HON  GREENLEAF  CLARK,  M.  A.,  St.  Paul,      ....    1904 
The  REV.  SAMUEL  G.  SMITH,  D.  D.,  St.  Paul,       ....       1904 


'    THE  agricultural  COMMITTEE  : 

Th#  HON.  WILLIAM  M.  LIGGETT,  Chairman. 
The  HON.'JOHN  S.  PILLSBTTRY. 
The  HON.'SIDNEY  M.  OWEN. 
The  HON.  W.  W.  PENDERGAST, 
The  HON.  ALPHONSO  BARTO. 


officers  of  the  station  : 

WM.  M.  LIGGETT,     -       .       .       -       ^ Director. 

WILLET  M.  HAYS,  M.  Agr., Agriculturist. 

SAMUEL  B.  GREEN,  B.  S., Horticulturist. 

OTTO  LUGGER,  Ph.  D., Entomologist  and  Botanist. 

HARRY  SNYDER,  B.  S., Chemist. 

T.  L.  HACKER, -      Dairy  Husbandry. 

M.  H.REYNOLDS,  M.  D.,  y.  M.,    -       -       -       -       -       -       Veterinarian. 

THOS.  SHAW, Animal  Husbandry. 

T.  A.  HOVERSTAD,  B.  Agr..     -       -       -       -  Asst.  in  Agr..  Crookston. 

ANDREW  BOSS, Asst.  in  Agr.,  University  Farm. 

R.  S.  MACKINTOSH,         ....    Asst.  in  Hort.,  University  Farm. 
J.  A.  VYE, Secretary. 

|6?*The  Bulletins  of  this  Station  are  mailed  free  to  all  residents  of  the 
State  who  make  application  for  them. 


Digitized  by  VjOOQIC 


BUnEBFLIES  ASD  MOTHS 
INJURIOUS  TO  OUR  FRUIT-PRODUCING  PLANTS. 

Butterflies  and  maths  are  better  known  to  the  casual 
observer  than  other  insects.  The  former,  which  are  active 
only  during  the  day,  and  which  fly  in  the  brightest  sun- 
shide,  are  frequently  so  beautifully  colored  as  to  well  deserve 
the  name  **winged  flowers/'  The  term  '^Lepidoptera,''  which 
means  scale-wings,  is  well  chosen,  ^s  the  insects  belonging  to 
the  Order  of  Lepidoptera  have  both  sides  of  their  wings,  as 
well  as  their  bodies,  more  or  less  densely  clothed  with  scales. 
These  scales  differ  greatly  in  form  and  size,  even  in  the  same 
insect,  and  yet  more  so  in  the  different  groups,  so  that  a 
certain  family  may  even  show  forms  peculiar  to  it  alone. 
Some  of  these  scales  are  not  simply  organs  that  serve  as  a 
protection  to  the  wings  proper,  but  they  possess  other 
functions  as  well,  hence  we  find  sometimes  very  highly  de- 
veloped scales  on  the  wiogs  of  the  male  only,  usually  con- 
fined to  very  limited  areas,  or  even  concealed  in  folds. 
Scales  are  simply  modified  hairs,  which,  instead  of  growing 
long  and  slender,  remain  short  and  grow  very  wide.  Every 
graduation  in  form,  from  hair  to  scale,  can  be  found.  If  we 
capture  with  our  fingers  a  butterfly  or  moth,  and  let  the 
insect  escape  again,  we  find  adhering  to  our  fingers  dijst  of 
various  colors.  If  we  look  at  this  dust  with  a  magnifying 
glass,  we  perceive  at  once  that  this  glistening  material  is 
not  simply  dust,  but  that  it  is  composed  of  scales  rubbed  oflf 
the  wings  and  body  of  the  captured  insect.  Numerous 
beautiful  £fnd  highly-colored  scales  of  different  shapes  are 
thus  seen.  When  we  study  the  wings  from  which  these 
scales  are  removed  we  see  that  such  scales  are  arranged  as 
regfularly  as  the  scales  on  a  fish,  or  the  shingles  on  a  roof, 
and  we  can  also  detect  how  the  beautiful  markings  on  the 
wings  are 'produced.  A  glance  through  a  microscope  wiU 
show  us  that  the  colored  spots  and  lines  on  the  wings  are 
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made  by  grouping  together  colored  scales  in  the  same  way 
as  we  frequently  see  upon  the  roofs  of  bams  the  year  of 
their  erection  in  colored  shingles  which  strongly  contrast 
with  the  neighboring  ones  of.  different  colors.  Part  of  a 
wing,  with  some  of  the  scales  removed,  as  lyell  as  some  of 


Fig.  1. — Part  of  winf?,  showing  arrangement  of  scales: 
a,  individual  scales.    Greatly  enlarged.    After  Packard. 

the  scales,  is  shown  in  Fig.  1.  The  scales  covering  these 
insects  douhtless  strengthen  and  ornament  the  wings,  and 
protect  as  an  armor  the  body  and  legs.  If  we  study  the 
■colors  and  markings  of  a  lepidopterous  insect,  we  pan  well 
imagine  that  both  serve  almost  opposite  purposes,  both 
protect  the  insect,  it  is  true,  but  in  a  different  manner.  In 
most  cases  the  colors  and  markings  are*  such  that  if  the 
insect  is  at  rest,  they  blend  with  the  colors  of  the  surround- 
ing objects.  Persons  that  are  in  the  habit  of  seeking  for 
insects^of  this  order,  notwithstanding  that  they  soon  have 
their*eyes  thoroughly  well  trained,  are  frequently  misled 


Fig.  3. — Clear-wing  moths  resembling  wasps.    Original. 
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and  do  not  perceive  the  insect  right  ''under  their  eyes"  until 
it  moves.  This  is  a  case  of  '*prot€ctive  colors.^^  Fig«  2, 
plate  I,  shows  some  geometric  moths  thus  protected.  Other 
colors  are  "warning  co7ors."  In  this  case  the  butterfly  or 
moth  either  posesses  the  form  and  color  of  a  stinging  inisect, 
Pig.  3,  or  it  has  colors  found  upon  insects  not  eaten  by  birds. 
Moths  having  such  warning  colors  do  not  hide,  but  expose 
t})emselves  very  openly  upon  some  object  that  contrasts 
strongly  with  their  colors  and  thus  they  become  very 
plainly  visible. 

The  Milkweed  butterfly  {Danais  arcbippus  Fab.)  Fig.  4, 
plate  I.,  belongs  to  a  genus  of  butterflies  which  are  not 
eaten  by  birds,  very  likely  because  they  are  poisonous  or 
otherwise  offiensive,  hence  these  showy  insects,  being  thus 
well  protected,  are  very  common  wherever  their  food  plants 
occur.  The  Disippus  Butterfly  (Liznenitis  disippus  Gtd.) 
belongs  to  a  genus  of  butterflies  very  palatable  to  birds, 
yet  notwithstanding  this  it  escapes,  being  no  doubt  mis- 
taken for  the  unpalatable  Milkweed  Butterfly,  which  it  so 
closely  resembles.  Compare  Fig.  5,  plate  I.  with  Fig.  4  of 
the  same  plate. 

The  wings  themselves  consist  of  two  thin>  translucent 
or  transparent  membranes,  which  are  kept  apart  by  hollow, 
^  horny  tubes,  the  nfcs,  costse  or  nerves) 

the  form  of  the  wings  is  usually  tri- 
angular, posessing  therefore  three 
margins,  the  anterior^  interior^  and 
exter/or  or  posterior  margin  (Fig.  6). 
The  space  where  the  fore-wings  join 
the  body  is  called  the  ba^is.  The 
shape  of  the  wings  depends  upon  the 
ribs  or  veins,  which  have  received  by 
scientists  special  names,  as  well  as 
'''5aShn;^i?Sierilv^^?S^^  the  spaccs  or  cells  they  enclose.  The 
c^cxtcriororpoBteriormar-  classification  of  Icpidoptcra  is  mainly 

based  upon  the  arrangement  of  such  veins  and  cells. 
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The  moutb'parts  of  moths  and  butterflies  are  only 
adapted  for  sucking  nectar  from  flowers,  and  not  for  chew- 
ing their  food.  The  main  part  is  a  long  sucking-tube  (Fig. 
7,  A),  composed  of  two  greatly  elongated  maxillae  fastened 
together  side  by  side;  as  each  maxilla  is  furnished  with  a 


Pig.  7. — Head:  a.  compound  eye;  It,  tongue;  /,  labial 
palpi.    Bnlarged. 

groove  the  two  maxillae  fastened  together  form  a  perfect 
tube  by  means  of  which  the  liquid  food  is  conveyed  to  the 
mouth  and  stomach.  Usually  this  tongue  is  quite  smooth, 
but  in  some  cases  its  tip  is  furnished  with  spines,  which 
enable  the  insect  to  rupture  the  skin  of  ripe  fruit  to  obtain 
its  juice.  As  many  moths  do  not  eat  they  lack  a  tongue,  or 
possess  only  a  rudimentary  one.  This  important  organ, 
when  not  in  use,  is  curled  up  like  the  mainspring  of  a  watch, 
and  is  hidden  and  protected  by  the  labial  palpi  (Fig.  7, 1), 
which  for  this  purpose  project  forward.  Moths  and  but- 
terflies, in  extracting  nectar  from  flowers,  become  very  use-' 
fill  in  poUenizing  them;  some  plants,  indeed,  have  to  depend 
altogether  upon  these  insects  for  their  continued  existence. 
The  compound  and  unmovable  eyes  (Fig.  7,  a)  of  lepido- 
ptera,  are  large  and  composed  of  many  small  facets,  each 
of  which  is  a  perfect  eye.  This  arrangement  enables  the  insect 
to  look  in  many  directions  at  the  same  time.    These  com- 
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pound  eyes  arc  either  globular  or  oval ;  they  are  naked  or 
covered  with  short  hairs,'  but  in  some  cases  we  find  long 
and  lash-like  hairs. 

The  antennas  or  feelers  vary- greatly  in  their  shape,  and 
form  a  very  important  organ  for  classification.  They  are 
composed  of  many  joints,  from  30  to  100;  they  vary  not 
alone  in  shape  and  length  in  the  different  families,  but  even 
the  sexes  of  one  and  the  same  moth  may  {[possess  entirely 
different  antennae,  those  of  the  male  being  frequently  toothed, 
etc.,  while  those  of  the  female  are  simple.  The  antennae  are 
sense  organs,  hence  highly  organized  and  important  for  the 
insects,  which  become  disabled  if  they  are  removed.  The 
illustration  (Fig.  8)  shows  a  number  of  differently  formed 
antennae.  ^ 


The  kgs  are  not  always  perfect,  but  in  some  families  of 
lepidoptera  they  are  more  or  less  aborted.  In  Fig.  9  we 
have  both  perfect  and  imperfect  examples.  Cases  occur 
where  the  legs  are  entirely  absent,  at  least  in  the  female  sex, 
as  shown  in  the  Bag-worm  described  later. 
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The  metamorpbosis  of  this  order  of  insects  is  complete, 
and  we  can  hardly  imagine  a  greater  difference  in  form  than 


(i^ 


/ii^^ 


Fig.  9.— Legs.    Enlarged. 

^  that  between  the  egg,  caterpillar,  pupa  and  imago  of  the 
same  insect.    (See  Figs.  16  and  19). 

The  e^^,  which  are  always,  if  possible,  deposited  upon 
or  near  the  food  needed  by  the  caterpillars  or  larvae,  are  of 
many  different  forms.    A  few  are  shown  in  Fig.   10.    They 


Pig.  10.— Diflferent  kinds  of  eggs. 

vary  also  in  color,  though  most  of  them  are  greenish,  or 
greenish- white.  Some  eggs  are  quite  smooth,  others  are 
beautifully  ornamented  with  numerous  ribs  or  other  pro- 
jections ;  some  are  deposited  singly,  others  in  more  or  less 
regular  masses,  sometimes  carefully  covered  with  glue  or 
scales.  Some  eggs  hatch  in  a  very  short  time  after  being 
deposited,  while  others  remain  for  half  a  year  exoosed  to  all 
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kinds  of  weather  before  they  show  any  changes  previous  to 
hatching.  These  changes  consist  in  a  darkening  of  the  eggs  ;* 
in  some  cases,  where  the  shell  is  thin,  we  can  observe  the 
gradual  formation  of  the  enclosed  embryo,  as  shown  in  the 
illustration.  As  soon  as  ready  the  young  caterpillar  eats 
its  way  through  the  shell,  and  sometimes  the  very  first  meal 
it  enjoys  in  the  open  air  is  the  very  egg-shell  that  protected 
it  before. 

Caterpillars,  which  are  the  second  state  in  the  existence 
of  all  butterflies  and  moths,  vary  in  every  conceivable  man- 
ner, as  may  be  seen  by  studying  the  illustrations  in  the  text. 
Usually,  however,  they  are  cylindrical  beings,  composed  of 
head  and  twelve  rings  or  segments.  The  bead  (Fig.  11),  is 
the  most  specialized  part  of  the  larva ;  it  is  usually  horny, 
since  the  m\iscles  moving  the  j>owerful  chewing  organs  are 
fastened  to  it  internally.  The  illustration  shows  that  it  is 
separated  by  a  central  line  (a)  into  two  equal  parts.  The 
a  triangular  clypeus,  the  small  ocelli  (6), 

the  antennas  (c),  the  upper  lip  or  labium 
with  the  homy  jaws  or  mandibuhe  (d), 
are  also  shown.  The  under  lip  or  labium 
is  not  seen,  but  the  four-jointed  maxil- 
lary-palpi (e),  and  the  two-jointed  labial 
j)alpi  (/)  are  shown.  At  the  end  of  the 
labium  is  located  a  very  important  or- 
J^'-V^^u^^^^^^^'  S^^9  ^^^  ^P^^^^'^ff'^^^y  through  which 
nur^'iSipw^JlSia^'an'  ^^^  substancc  flows  that  is  used  by  the 
Enlarged.  Caterpillars   to    make    the    protecting 

silken  cocoons.  The  caterpillars  differ  very  greatly  from  the 
adult  insect  by  possessing  a  biting  and  not  a  sucking  mouth, 
hence  they  can  become  very  destructive  to  agriculture,  horti- 
culture and  forestry  by  consuming  plants  which  we  intend 
to  use  ourselves.  The  first  three  segments  of  a  caterpillar 
behind  the  he,ad  are  the  thoracic  segments,  and  to  them  are 
fastened  three  pairs  of  jointed  feet,  which  later  transform 
into  those  found  in  the  winged  insect ;  the  other  segments 
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are  called  abdominal  segments,  and  these  form  later  the 
abdomen  of  the  adult  or  imago.  The  abdominal  segments 
carry  the  false  legs  or  prolegs,  which  disappear  in  the  butter- 
flies or  moths.  Such  prolegs  are  not  jointed  but  arc  equipped 
with  rings  of  hooks  that  enable  the  caterpillar  to  grasp  se- 
curely the  object  on  which  it  moves;  the  last  segment  is 
usually  distinguished  by  a  pair  of  prolegs  formed  somewhat 
differently  from  the  others.  Most  caterpillars  possess,  in- 
cluding the  true  legs,  sixteen  legs,  but  the  loopers  or  meas- 
uring worms  have  only  ten,  and  those  living  in  bags  but  six. 
All  caterpillars,  or  worms  looking  like  caterpillars,  which 
possess  more  than  sixteen  legs,  are  not  the  larvae  of  lepidop- 
tera,  but  are  those  of  saw-flies,  insects  belonging  to  the 
order  of  Hymenoptera.  Such  worms  are  called  "  false  cater- 
pillars.'* Upon  the  first  thoracic  segment  of  a 'true  cater- 
pillar we  find  quite  often  a  homy  plate;  this  is  the  cervical 
shield,  used  in  throwing  off"  the  he^^d-plate  when  the  insect  is 


Pig.  12. — Moultingof  the  caterpillar  of  Daaa is  arcbippas;  a.  larva  suspended; 
b,  pupa  still  partly  in  larval  skin;  c,  pupa  in  the  act  of  leaving  the  ekin  entirely. 
After  Riley. 

moulting ;  another  plate,  the  anal-shield,  occurs  frequently 
upon  the  last  segment.  The  breathing-pores  or  stigmata 
occur  as  small  openings  upon  the  sides  of  the  body.  Not  all 
caterpillars  are  cylindrical,  however,  and  forms  occur  that 
resemble  in  external  shape  sow-bugs  or  slugs.  Some  cater- 
pillars are  densely  covered  with  hairs,  sometimes  arranged 
in  tufts  or  brushes;  others  are  only  clothed  with  a  few 
hairs,     or    with    spines,     while    still    others    are    naked. 
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Some  can  cause  more  or  less  inflamation  by  means  of  urti- 
cating  or  stinging  hairs  or  spines,  but  none  are  really 
poisonous.  Many  caterpillars  arc  brilliantly  colored,  or  are 
ornamented  with  bright,  longitudinal  or  vertical  stripes,  or 
with  spots  of  various  shapes  and  colors.  Most  are  terres- 
trial, none  really  aquatic,  and  but  few  consume  animal 
food.  They  grow  by  throwing  off  their  old  skins  from  three 
to  five  times,  a  process  that  is  called  moulting.  This  pro- 
cess is  a  very  interesting  One,  as  may  be  seen  by  studying 
the  illustration  in  Fig.  12,  commencing  at  a. 

As  soon  Sis  the  larva,  worm  or  caterpillar  has  reached, 
its  full  size,  it  transforms  to  a  pupa  or  chrysalis,  which  is 
tillable  to  move  or  to  eat,  lacking  in  this  form  both  legs  and 
mouth.  It  appears  to  be  dormant,  but  in  reality  is  quite 
active,  as  all  the  organs  simply  foreshadowed  in  larva  or 
pupa  have  to  be  changed  into  the  very  different  organs  found 
in  the  imago.  In  other  words  the  biting  mouth  of  the  larva 
has  to  be  changed  into  the  sucking  mouth  of  the  moth;  the 
small  and  simple  eyes  or  ocelli  have  to  be  transformed  into 
compound  eyes;  the  small  legs  are  made  longer,  and  the  ex- 
ternal organs  and  wings  are  produced  during  this  apparent 
rest.  The  internal  organs  are  also  very  greatly  altered ;  the 
large  stomach  of  the  caterpillar  is  reduced  to  almost  noth- 
ing, and  in  its  place  appear  the  reproductive  organs,  as 
eggs,  etc.  There  are  many  different  kinds  of  pupae,  some  of 
which  are  shown  in  Fig.  13,  and  those  familiar  with  the 
study  of  lepidoptera  can  tell  at  a  glance  to  what  families 


Pig.  13.— Pupa  of  butterfly,  hawk-moth  and  owlet-moth. 
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they  belong.  Some  pupse  are  found  suspended,  others  are 
enclosed  in  a  silken  or  earthen  cocoon,  while  still  others  are 
found  in  a  smooth  cell  in  the  earth. 

After  remaining  in  this  condition  for  a  shorter  or  longer 
time,  the  imago  or  perfect  insect  leaves  the  pupal  skin 
through  an  opening  in  the  back.  At  first  the  wings  are  very 
minute,  being  fplded  up  in  numerous  wrinkles ;  but  they  ex- 
pand very  rapidly,  and  as  soon  as  the  tubes  or  veins  in  the 
wings  are  filled  with  air,  and  the  skin  covered  with  scales  is 
fully  expanded  and  dried,  the  insect  can  fly  about,  a  thing  of 
beauty,  and  a  very  different  being  from  a  crawling  cater- 
pillar. 

More  than  six  thousand  species  of  lepidoptera  have  been 
described  from  North  America,  north  of  Mexico,  which  re- 
present more  than  sixty  families.  In  order  to  give  a  synopsis 
of  the  lepidoptera,  it  would  be  necessary  to  enter  into  rather 
difficult  technical  details,  and  a  bulletin  like  this  is  not  the 
proper  place  to  do  so,  hence  those  that  wish  to  study  this 
order  more  in  detail  are  referred  to  such  valuable  works  as 
those  published  by  Comstock,  Packard,  Smith  and  others. 

In  a  rather  crude  way  we  divide  the  lepidoptera  into 
two  groups,  into  ButterBies  and  Moths,  the  Rhopalocera 
and  Hetetocera,  These  terms  are  derived  from  the  form  of 
the  antennae  of  these  insects;  Rhopalocera  are  those  in  which 
the  antennae  terminate  in  a  more  or  less  distinct  knob  or 
club  at  the  tip,  and  in  which  at  least  the  front  pair  of  wings 
are  elevated  and  vertical  when  at  rest,  so  that  the  upper 
surfaces  touch,  as  may  be  seen  in  the  illustration  of  Grapta 
(page  68).  The  Heterocera  possess  feelers  of  many  different 
kinds,  none  of  which  are  distinctly  clubbed;  their  wings, 
when  at  rest,  are  horizontal,  folded  on  the  back  and  close 
to  the  sides,  oblique,  roof-like  or  spread  out  flat,  but  never 
habitually  vertical.  Usually  butterflies  are  active  during  the 
day,  while  moths  are  night-flyers ;  this  is  a  rule  which  has, 
however,  many  exceptions,  as  some  moths  fly  during  theday. 

The  ButterBies  separate  readily  into  groups  based  on 
the  character  of  the  feet  and  the  situation  of  the  antennae. 
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The  so-called  "trae  bntterffies"  are  distinguised  by  having 
the  antennise  set  close  together  on  the  top  of 
the  head,  this  being  rather  narrow;  the 
antennal  club  is  abrupt  at  the  tip,  and  not 
drawn  into  hook  or  recurved.  In  the  skip- 
Fi    15  —Ski  pers,  the  head  is  broad,  the  eyes  are  com- 

paratively small,  the  antennae  are  widely 
separated,  set  close  to  the  eyes,  and  terminate  in  a  pointed 
tip,  which  is  often  recurved  or  hooked.  Fig.  16  shows  a 
true  butterfly,  and  Fig.  15  a  skipper  or  Hesperid.  A  large 
series  of  the  true  butterflies  is  distinguished  by  having  the 
anterior  pair  of  feet  more  or  less  aborted  or  imperfect,  as  is 
shown  in  Fig  9.  To  these  ''brush-footed''  butterflies  belong 
two  families,  the  Nympbalidae,  which  contain  medium  or 
large  sized  species,  and  the  Lycsenidse,  small  species,  usually 
blue  or  coppery  in  color,  and  frequently  called  * 'blues''  or 
"hair-streaks.'*  Members  of  the  family  Papilionidse  are 
large  and  showy  butterflies,  whose  anterior  feet  are  perfectly 
developed  in  both  sexes.  To  this  family  belong  the  large 
•'swallow-tails"  and  insects  like  the  cabbage-butterflies. 

The  Moth  or  Heterocera  are  much  -more  difiicult  to 
classify,  and  the  readier  interested  in  such  matters  is  referred 
to  the  text-books.  But  usually  we  divide  the  Heterocera 
into  Hawk-moths  {Sphingidas);  Clear- winged  moths  {Sesi- 
idse);  Wood-nymph  moths  {Agatistidse)  \  Woolly-bears 
(Arctiidae);  Vaporer  or  Tussock  moths  {Ljrmantriidse);  Slug- 
caterpillars  (Limacodidae);  Bag- worms  (Psycbidas);  Promi- 
nents  (Notodontidse);  Royal  moths  (Ceratocampidse);  Silk- 
spinners  {Bombycidse)  \  Borers  {Cossidad)\  Owlet-moths 
(Noctuidas);  Span-worms  (Geometridas).  Butterflies  and 
moths  are  frequently  called  Macro-lepidoptera  or  large 
lepidoptera,  while  all  the  others  are  called  Micro-lepidoptera 
or  small  lepidopteria.  These  latter  are  also  divided  into 
numerous  families,  such  as  the  {Pjrravstidae) ;  Pyralids 
{Pyralidse);  {Pbjrcitidas);  Bee-moths  {Galleriidae);  Crambids 
{Crambidas);  Feather-moths  {Pterophoridas);  Leaf-rollers  or 
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Bell-moths  (Tortricidas);  {Choncbilidse)\  (Grapholitbidas); 
and  Tiaeids  (Tineidaei)^  tQ  which  belong  numerous  families 
of  such  insects  as  leaf-miners,  cloth  and  fur-moths,  grain- 
moths,  etc. 

As  this  bulletin  is  mainly  written  for  the  use  of  the  hor- 
ticulturist, it  is  impossible  to  make  it  at  the  same  time  a 
text-book,  hence  only  those  insects  are  described  in  detail, 
that  cause  injuries  to  our  fruit  and  fruit-producing  plants. 
But  for  the  sake  of  the  general  student  a  number  of  illustra- 
tions have  been  added  that  will  at  least  show  other  lepidop- 
terous  insects  not  described  in  detail,  yet  necessary  to  give 
an  idea  of  the  classification  of  this  order  of  insects.  Only 
well  known  or  destructive  species  have  been  selected  for 
this^  purpose. 

BUTTERFLIES. 
{Rbopalocera), 

FAMILY  NYMPHALH)^  OR  FOUR-FOOTED  BUTTERFLIES. 

These  butterflies  are  also  called  * 'brush-footed; "  they 
differ  from  all  others  in  otir  fauna  in  having  the  fore-legs 
very  greatly  reduced  in  size  in  both  sexes.  The  legs  are  so 
much  dwarfed  that  they  can  not  even  be  used  for  walking, 
but  are  folded  against  the  breast  like  a  tippet. 

THE  MILKWEED  BUTTERFLY  OR  MONARCH. 

( Danais  arcbippus  Fab . ) . 

This  well  known  large  butterfly,  with  reddish-brown 
wings  marked  with  black  veins  and  white  spots,  is  very 
abundant  in  late  summer  and  fall.  It  sometimes  gathers 
in  large  armies  about  our  wind-breaks,  just  previous  to 
migrating  south,  where  it  spends  the  winter.  The  cater- 
pillars, which  grow  to  about  an  inch  and  a  half  in  length, 
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are  greenisfi  marked  with  black  bars,  and  are  furnished 
with  rather  long,  black,  hair-like  tentacles ;  they  feed  upon 
the  common  milkweeds.  As  this  insect  is  very  common, 
and   can   easily  be   raised  in   captivity,  those  that  wish 


Fig.  16,^Danaia  ATcbippaa  Fab.:  Bgg,  caterpillar,  papa  and  adult.    After  Riley. 

to  see  for  themselves  the  metamorphoses  of  insects  can 
do  so  without  much  trouble.  All  that  is  necessary  is  to 
furnish  the  caterpillar  with  a  fresh  supply  of  food  whenever 
needed.    JPeforc  long  the  caterpillar  will  fasten   itself  by 
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means  of  its  hind  feet  to  a  little  pad  of  silk,  and  will  change 
to  a  chunky,  bright-green  pupa  or  chrysalis,  marked  with 
small  golden  spots,  one  of  the  most  beautiful  objects  that 
can  be  imagined.  This  color  gradually  becomes  darker, 
finally  brown  or  blackish  and  then  the  butterfly  will  emerge. 
This  insect  is  not  injurious,  but  simply  illustrated  to  serve 
as  a  type  of  the  family  to  which  it  belongs.  The  illustra- 
tions, Figs.  12  and  16,  give  all  the  stages  of  this  insect. 


THE  SPINY  OR  THORNY  CURRANT  CATERPILLAR. 

{Grapta  comma  Harr.). 

These  peculiar  caterpillars  are  sometime^  quite  numer- 
ous, denuding  whole  canes  of  the  currant  and  gooseberry 
bushes.  When  this  is  the  case,  the  plant  suffers  greatly  and 
we  find  that  the  injured  canes  do  not  produce  fruit  in  the 


Big.  14. — Grapta  comma.  Harris.    Original. 

following  season.  The  parent  of  this  thorny  caterpillar  is 
a  very  handsome  butterfly  (Fig.  14),  also  shown  on  plate  11. 
Fig.  17.  The  wings  are  quite  irregular  in  outline,  having 
many  projecting  points  and  notches;  they  measure,  when 
expanded,  about  one  inch  and  a  half.  The  surface  of  all  four 
wings  is  reddish-brown,  bordered  on  the  outer  edge  with 
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darker  broWn,  and  on  the  disk  with  brown  and  blackish- 
brown  spots.  The  color  of  the  hind-wings  varies  consider- 
ably in  intensity,  and  this  is  still  more  so  the  case  with  the 
color  of  the  underside,  which  is  ttsttally,  however,  dark- 
brown,  with  many  grayish  lines  and  streaks.  A  number  of 
varieties  have  been  described  on  account  of  these  diflFerences. 
But  the  butterfly  can  always  be  recognized  from  the  fact 
that  it  has  upon  the  lower  surface  of  the  hind-wings  a  more 
or  less  plainly  marked  **C*'  of  metallic  silver.  From  this 
mark  the  butterfly  is  frequently  called  the  *'C''  butterfly. 
It  passes  the  winter  in  the  winged  or  adult  state  in  some 
sheltered  spot,  in  which  it  remains  torpid,  but  awakens  to 
fresh  activity  as  soon  as  the  warmth  in  spring  imbues 
nature  with  new  life.  It,  with  some  other  nearly  related 
species,  can  be  found  during  the  first  days  of  spring  flying 
about  in  sunny  spots.  Its  flight  is  peculiar  and  rather  jerky 
and  swift;  it  darts  suddenly  away  and  as  suddenly  returns, 
occasionally  resting  on  the  sunny  side  of  a  tree,  and  here 
displayingthebright  colors  of  the  wings,  somewhat  dulled 
in  intensity,  however,  by  the  influence  of  winter.  The  but- 
terfly has  the  habit  of  exposing  the  entire  surface  of  its 
wings  as  if  proud  of  their  beauty;  then,  again,  it  closes  them 
and  becomes  almost  invisible,  as  the  color  of  the  underside 
ofthe  wings  blends  exceedingly  well  with  the  color  of  the 
bark  upon  which  it  rests;  in  fact,  these  butterflies  are  so  well 
protected  on  this  account,  that  when  at  rest  it  requires  a 
keen  eye  to  detect  them  at  all.  During  the  summer,  when 
the  butterflies  enjoy  perfect  health,  they  sometimes  seem  to 
invite  us  to  chase  them.  If  one  is  disturbed  and  flies  off" 
from  the  spot  it  occupied,  it  is  certain  to  return  to  that 
exact  spot  in  a  short  time.  The  insect  feeds  upon  any 
sweet  fluid,  but  prefers  the  sap  from  any  freshly  wounded 
tree. 

The  eggs  are  usually  laid  singly  on  the  leaves  of  the  cur- 
rant and  gooseberries,  and  here  the  solitary  caterpillars 
may  be  found.     When,  full  grown,  they  are  about  an  inch 
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and  a  quarter  long,  varying  in  color  from  a  liglit  brown  to 
a  greenish-yellow;  they  are  marked  with  fine  black  and  yel- 
low lines.  The  numerous  spines  clothing  the  caterpillar  are 
branched  and  diflfer  in  color,  some  being  dark  brown,  others 
orange  or  yellow,  the  branches  of  the  spines  are  frequently 
tipped  with  black.  Notwithstanding  the  forbidding  and 
threatening  aspect  of  these  caterpillars  they  can  not  inflict 
any  injury  to  our  hands.  As  soon  as  the  full  size  has  been 
reached,  the  caterpillars  select  some  secluded  spot  in  which 
to  change  to  pupae  or  chrysaldis.  They  spin  for  this  purpose 
upon  a  leaf  or  a  twig  a  minute  pad  of  silk.  In  this  little 
carpet  the  hind  leg  of  the  caterpillar  are  fastened,  after 
which  it  hangs  suspended  with  the  head  downwards.  In 
the  course  of  two  or  three  day^s,  after  contracting  greatly  in 
length,  the  old  skin  is  shed,  and  an  angular  looking  chrys- 
alis of  a  brown  color  appears,  which  is  finely  ornamented 
with  silvery  spots.  In  about  ten  days  the  butterfly  appears 
in  all  its  beauty. 

We  have  in  Minnesota  two  annual  generations  of  this 
insect;  the  first  appears  late  in  June  and  the  second  late  in 
August  and  during  September. 

The  caterpillars  of  this  insect  feed  also  upon  the  hop, 
elm,  nettle,  false  nettle  and  basswood,  but  prefer  wild  and 
cultivated  gooseberries  and  currants. 

Other  closely  allied  species  of  Grapta  also  feed  occasion- 
ally upon  the  cultivated  currants  and  gooseberries,  but  as 
their  habits  are  almost  identical  with  that  of  comma,  it  is 
not  necessary  to  describe  them. 

Remedies.— Hand-picking  is  in  most  cases  all  that  is 
needed  to  keep  this  insect  in  check.  In  cases  where  we  have 
to  fight  at  the  same  time  other  injurious  insects  of  the  cur- 
rant and  gooseberry,  it  would  be  best  to  use  a  little  Lon- 
don-purple or  Paris-green.  Of  course  none  of  these  poison- 
ous substances  should  be  used  at  a  time  when  the  fruit  is 
ripe  or  nearly  ripe.  ' 
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THE  RED  ADMIRAL. 

{Pyrameis  Atalanta  Linn.). 

This,  like. the  Grapta  just  described,  belongs  to  the 
"Angle-wings"  or  butterflies  distinguished  by  having  the 
outer  margin  of  the  fore  wings  usually  decidedly  angular  or 
notched,  as  if  a  piece  had  been  cut  away.  This  beautiful 
butterfly  has  purplish-black  wings  above;  on  the  fore-wings; 


Pig.  18. — PyrAtneia  atalanta^  and  other  insects,  etc.,  feeding  on  overripe  pear. 

there  is  a  bright  orange-colored  band,  beginning  near  the 
middle  of  the  front  margin  and  extending  nearly  to  the  inner 
angle;  between  this  and  the  tip  of  the  wing  are  several  white 
spots.  On  the  hind-wings  there  is  also  an  orange  band  on 
the  outer  margin,  enclosing  a  row  of  black  spots.    The 
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under  surface  of  the  wings  is  also  ornamented  in  a  similar 
way,  but  is  fainter,  and  especially  that  of  the  lower  wings 
resembles  the  bark  of  trees.  Faintly  marked  upon  them  are 
the  figures  98  89. 

This  beautiful  insect  feeds  as  a  caterpillar*  upon  the  net- 
tle and  hop,  but  in  the  winged  state  it  is  a  great  admirer  of 
fallen  and  overripe  fruit.  It  is  attracted  in  large  numbers  to 
fallen  apples  or  pears,  and  is  not  slow  to  absorb  their  sweet 
sap  with  its  tongue.  Other  butterflies  are  also  attracted, 
as  well  as  ants,  flies,  and  wasps  as  shown  in  the  illustration 
(Fig.  18),  and  even  snails  are  fond  of  it. 

•  THE  URSULA  OR  SOVEREIGN. 

{himenitis  Ursula  Fab.). 

During  the  months  of  June  and  July  we  may  see  a  most 
beautiful  butterfly  flying  about  cherry  and  plum  trees,  evi- 
dently in  the  act  of  depositing  eggs.  This  medium-sized 
and  handsome  insect  is  of  a  sombre  bluish-black  or  blackish- 
brown  color,  having  the  wings  bordered  with  blue;  the 
under-wings  possess  marginal  rows  of  bluish  crescents  of 
varying  size;  the  inner  row  in  the  female  is  less  marked,  and 
each  crescent  is  supported  behind  by  a  deep  orange  patch  or 
point.  Several  white  spots  occur  near  the  tips  on  the  upper 
surface  of  the  fore-wings.  All  the  margins  of  the  wings  are 
slightly  crenate,  the  hollows  being  edged  with  white.  The 
under  side  of  the  wings,  which  measure  about  three  inches 
across,  contain  a  number  of  large  brownish  spots.  The 
females  deposit  eggs  upon  the  leaves  of  the  wild  and  culti- 
vated cherries,  plums,  and  occasionally  of  the  apple.  The 
mature  caterpillars  are  about  an  inch  and  a  quarter  long,  of 
an  olive-green  color,  variegated  with  white,  russet,  reddish- 
yellow  and  ochreous.  They  possess  two  long  reddish  horns 
behind  their  heads,  and  two  green  tubercles  on  each  of  the 
other  segments,  with  the  exception  of  those  on  the  fifth. 
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which  are  reddish.  The  very  strange  loaking  chrysalis  is 
russety,  marked  with  white ;  it  is  suspended  by  its  tail,  and 
has  on  the  middle  of  its  back  a  curious  and  prominent  pro- 
jection like  a  Roman  nose.  Besides  the  food-plants  given 
above,  the  caterpillars  feed  also  upon  the  willow,  scrub-oak, 
whortleberry  and  gooseberry. 

The  Ursula  Butterfly  or  Red-spotted  Purple  is  not^  a 
common  insect,  and  the  injuries  caused  by  it  aA  usually 


^g.t9—Limei>itia  diaippaa^  adtilt;  a,  egg^  greatly  enlarged,  c,  egg,  natural  size; 
<f,  one  of  the  pits,  atill  more  enlarged.    After  Riley. 

slight.  Still  it  sometimes  happens  that  for  some  reason  this 
species  becomes  very  numerous,  stripping  the  leaves  from 
an  entire  tree.  The  butterfly  is  shown  in  Fig.  22,  plate  III. 
Further  north  a  closely  related  species,  the  Banded 
Purple,  is  sometimes  very  common.  Its  caterpillar  feeds 
upon  the  wild  cherries.  At  Lake  Vermillion  the  writer  has 
seen  this  species,  the  (Limen/tis  artiiexn/s  Dru.),  so  numerous 
that  during  June  hundreds  of  them  could  be  found  in  the 
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roads,  where,  like  many  other  butterflies,  they  are  attracted 
by  liquid  manure.  They  are  so  eager  for  this  substance  that 
they  return  immediately  to  it  if  driven  off.  The  Limenitis 
artbcmis  is  at  olice  distinguished  from  the  Ursula  by  the 
possession  of  a  white  band  over  each  wing,  upon  both 
upper  and  lower  surfaces.    (Fig.  2,  plate  III). 

A  third  species,  much  more  common  than  either,  is  the 
well-kno'^n  Disippus  Butterfly  or  Viceroy  {Limenitis  disip" 
pus  Godt.).  The  larva  of  this  insect  occurs  in  large  num- 
bers on  our  willows.  Here  the  young  caterpillar  winters 
over  in  a  little  self-made  cell  or  bibemaculuw  (Fig.  20,  c). 
Occasionally  the  caterpillar  is  also  found  feeding  on  the 
leaves  of  the  plum  tree. 


b 

c  ^ 

Pi^r.  20 — Limenitis  diaippua;  a,  caterpillar;  6,  chrysalla;  c»  hibemacultim. 

The  Disippus  Butterfly  (Fig.  5,  plate  I  and  Fig.  19) 
resembles  very  closely  the  large  milk-weed  butterfly 
shown  in  Figs.  4  and  16,  and  as  the  latter  is  not 
eaten  by  birds  this  similarity  in  color  and  markings  is 
a  good  protection,  and  as  a  result  of  this  the 
Disippus  is  much  more  common  than  the  closely  allied 
species  not  thus  protected.  It  is  of  a  warm,  orange-red 
color,  with  heavy  black*  veins,  and  a  black  border  with 
white  spots.  Fig.  20  shows  the  caterpillar  and  chrysalis  of 
disippus;  those  of  the  two  other  species  resemble  theni  very" 
closelv. 
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FAMILY   LYC^NID^  OR  GOSSAMER-WINGED   BUTTERFLIES. 

All  members  of  this  family  are  small  and  delicate  butter- 
flies, with  slender  bodies,  delicate  and  bright-colored  wings, 
and  antennae  usually  ringed  with  white.  A  very  remarkable 
character  of  this  family  is  that  in  the  female  the  front  legs 
are  normal,  while  in  the  male  they  are  shorter,  without  tar- 
sal claws,  and  with  the  tarsi  more  or  less  aborted. 

The  caterpillars  are  more  or  less  slug-like,  and  one  of 
,them  has  the  peculiar  habit  of  being  carnivorous.  A  large 
number  of  butterflies  belong  to  this  family.  Some  are  dis- 
tinguished by  their  orange-red  or  brown  colors,  with  a  cop- 
pery reflection ;  others  have  the  upper  surface  of  their  wings 
of  a  rfelicate  blue,  while  still  others  are  dark,  with  delicate, 
hair-like  streaks  upon  the  lower  surface  of  the  wings.  The 
butterflies  are,  on  account  of  these  characteristics,  fre- 
quently called  the  "Coppers,"  the  •* Blues,"  and  the  '* Hair- 
streaks." 

THE  CHERRY-^REE  THECLA. 

(Tbecla  t/tasFab.). 

This  delicate  butterfly  belongs  to  a  small  group  of 
pretty  butterflies  which  are  very  seldom  seen,  common  as 
some  of  them  are.  They  are  best  observed  if  we  watch  the 
flowers  of  the  diffierent  kinds  of  milkweeds,  but  especially 
those  of  the  butterfly-weed  {Asclepias  tuberosa).  Many 
butterflies  visit  these  showy  flowers,  and  among  them  a 
number  of  different  kinds  of  the  genus  Thecla,  which  are 
easily  recognized  by  their  jerky  and  erratic  flight.  In  the 
northern  part  of  the  state  the  above-named  butterfly  is  at 
times  very  common.  It  differs  from  our  other  species  of 
Tbecla  by  the  absence  of  the  hair-like  tails  on  the  hind- 
wings,  and  by  the  fact  that  the  wings  of  the  male  butterfly 
differ  in  shape  from  those  of  the  female.  The  butterfly  is  of 
a  dark  brown  color  above,  with  a  row  of  seven  or  eight 
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orange-colored  spots  near  the  margin  of  the  hind-wings,. 
which  are  larger  and  more  conspicuous  on  the  under  than 
on  the  upper  side.  The  wings  beneath  are  lighter  brown ^ 
with  a  row  of  deep  but  bright  orange  spots  near  the  hind 
margins  of  both  pairs,  an  inner  and  more  irregular  row  of 
small  black  spots,  encircled  with  white,  and  on  the  middle 
of  the  hind-wings  two  similar  spots,  placed  close  together- 
The  wings,  extended,  measure  about  an  inch  and  a  quarter 
across. 

The  caterpillars  of  all  species  of  this  genus  are  peculiar 
beings.  That  of  titus  is  a  curious  flat  creature,  of  a  dull 
green  color,  with  a  yellowish  tint,  a  patch  of  rose  color  on 
the  anterior  segments,  and  another  larger  one  on  the  pos- 
terior extremity;  the  head  is  small  and  of  a  polished  black 
color.  The  caterpillar  resembles  a  common  wood-louse  or 
sow-bug  in  outline. 

The  chrysalis  is  pale-brown,  and  somewhat  glossy,  with 
numerous,  minute,  dark-^brown  or  blackish  dots  over  the 
whole  surface.  It  is  thickly  covered  with  very  short  brown 
hairs,  scarcely  visible  to  the  eye. 

This  interesting  butterfly,  illustrated  in  Fig.  23,  plate 
III,  occurs  sometimes  in  large  numbers  towards  the  end  of 
July.  The  caterpillars  feed  upon  the  leaves  of  wild  and 
cultivated  cherries,  plums  and  oak,  but  they  are  not  numer- 
ous enough  to  cause  much  damage. 

THE  BANDED  HAIR-STREAK. 

{Tbecla  calanus  Hub.). 

This  beautiful  butterfly  is  not  common  in  Minnesota. 
The  upper  surface  of  its  wings  are  dark  brown,  with  brassy- 
green  reflections.  The  hind-wings  have  two  very  unequal, 
thread-like  tails,  of  which  the  lower  one  is  the  longest;  it  is 
also  edged  with  white.  The  base  of  the  fringes,  from  the 
anal  angle  to  the  lower  tail,  is  white,  and  at  this  place  there 
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is  also  a  narrow,  white  terminal  line.  The  under  side  of  the 
wings  is  very  prettily  marked,  and  is  somewhat  paler  than 
the  upper  one.  There  are  two  short,  whitish,  parallel  lines 
on  the  disk  of  the  fore-wings,  and  a  whitish  crenate  line 
crosses  the  wing  about  half  way  between -the  last  and  outer 
borders,  shadowed  within  by  blackish;  there  is  another 
broken,  whitish  line  shaded  on  the  outside  with  blackish, 
between  the  last  line  and  the  outer  border.  The  under  side 
of  the  hind- wings  have  two  short,  whitish,  discal  lines  with 
a  blackish  shade  between  them.  A  series  of  blackish  spots, 
edged  on  either  side  with  whitish,  crosses  the  wing  bejrond 
the  disk ;  and  outside  of  this  is  a  series  of  lunate,  whitish 
•spots,  shaded  on  the  outside  with  blackish,  and  faintly 
edged  on  the  outside,  below,  with  bluish- white.  Along  the 
anal  angle  the  black  streak  is  followed  with  orange.  At  the 
very  apex  of  the  anal  angle  there  is  a  black  spot  with  white 
on  its  upper  side.  On  the  next  interspace  is  h  patch  of  pow- 
dery blue  scales,  and  in  the  next  interspace  to  this  is  an 
orange  crescent  enclosing  a  black  spot.  The  orange  scales 
are  also  faintly  visible  in  the  next  interspace. 

The  caterpillar  feeds  on  apple,  oak,  and  other  plants. 
The  butterfly  (Fig.  24,  plate  III)  measures  with  expanded 
wings'  an  inch  and  a  quarter  across. 

THE  STREAKED  THECLA. 

{Tbecla  strigosa  Harr.). 

"Upper  side  of  the  wings  dark  brown  and  unspotted  in 
the  males,  but  the  females  sometimes  have  a  fulvous  spot 
near  the  anal  angle  of  the  hind-wing  and  are  paler  in  color. 
The  under  side  of  the  wings  is  pale  reddish-brown.  The 
outer  part  of  both  wings  is  crossed  by  four,  irregular, 
rather  wavy,  white  lines,  varying  a  little  in  individuals,  but 
the  two  inner  ones  on  the  fore-wings  approach  each  other 
towards  the  hinder  margin.    The  third  is  shorter  than  the 
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second,  and  the  fourth  or  outer  one,  reaches  only  to  the 
middle  of  the  wing.  The  inner  line  on  the  hind-wings  ex- 
tends nearly  across,  then  bending,  runs 
Wsome  way  up  the  hinder  margin,  pre- 
ceded in  the  last  part  of  its  course  by 
another  nearly  parallel  to  it.  Above 
the  termination  of  these  two,  there  is 
.  a  circlet  of  white  on  the  margin.    The 

outer  line  is  short,  and  limited  to  the 
middle  of  the  wing.  The  fore-wings 
have  a  sub-marginal  row  of  indistinct 
brown  lunules  edged  on  the  inside  with 
^g.25.-^eciytrigoBa  white,  and  the  hind-wings  have  a- 
similar  series,  which  are  bright  red 
towards  the  anal  angle,  and  edged  on  the  inner  side  with 
black  followed  by  white,  and  enclosing  next  to  the  anal  angle, 
a  large  black  space  which  is  nearly  covered  with  blue  scales. 
Beyond  this  is  a  small  black  spot,  and  there  is  another  at 
the  angle  surmounted  by  a  red  stripe  edged  like  the  lunules, 
and  extending  up  the  margin.  The  lunules  next  the  apex 
usually  exhibit  a  few  scales  of  red.  The  margins  of  both 
wings  are  edged  with  a  fine  whitish  line. 

**Body  fuscous,  beneath  grayish-white.  Legs,  white, 
annulated  with  brown.  Palpi,  white,  the  outer  joint  black 
tipped  with  white.  Antennae  annulated  with  black  and 
white.    Club,  fuscous  tipped  with  white.'' 

The  larva  was  taken  by  Mr.  Sounders  on  a  species  of 
thorn  {Cratasgvs)^  and  his  description  is  as  follows: 
*Xength,  half  an  inch.  Head,  greenish-brown.  Body  flat- 
tened, sloping  abruptly  at  the  sides.  Color,  velvet-green, 
with  a  darker  colored  dorsal  stripe.  The  anterior  edge  of 
second  segment,  yellowish-brown  with  a  few  darker  dots; 
the  middle  segment  laterally  striped  with  two  or  three  faint, 
yellow,  oblique  lines,  and  the  last  two  segments  have  each 
a  lateral  yellow  patch,  and  there  is  a  faint,  yellow  basal 
line  from  the  fifth  to  the  terminal  segments.  Under  surface, 
bluish-green. 
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**The  larva  is  .37  of  an  inch  long,  nearly  oval,  and  with 
the  head  case  rounded.  The  body  is  dark  reddish-brown, 
with  black  markings,  and  thickly  covered  with  fine  hairs. 
The  anterior  segments  have  many  black  patches  on  them, 
and  there  is  a  dark  ventral  line  from  the  sixth  to  the  twelfth 
segments.*'-  This  species  is  shown  in  Fig  25. 


FAMILY  PAPILIONID^  OR  SWALLOW-TAILED  BUTTERFLIES. 

This  family  contains  the  giants  of  the  butterflies,  and  is 
well  represented  in  our  state  by  a  number  of  large  and 
bright  species.    The  butterflies  belonging  here  have  all  their 


Piff.  26.~Cabbage  butterflies.    After  Riley. 

legs  perfect  in  both  sexes,  and  the  antennae  are  set  close  to- 
gether at  the  base.  There  are  two  groups,  the  first  one  con- 
taining such  insects  as  the  injurious  cabbage-butterflies 
(Fig.  26),  and  the  second  one  the  true  swallow-tails. 
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THE  TURKUS  SWALLOW-TAIL 

{Papilio  tumus  Linn.). 

Among  the  numerotis  kinds  of  North  American  swallow- 
tailed  butterflies  few  are  as  beautiful  as  this  species,  which 
leisurely  sails  through  the  warm  air  of  June  and'July.  It  is 
not  a  common  insect,  excepting  in  the  lake  region  of  our 
State.  In  the  northern  part  of  Minnesota,  but  chiefly  near 
Lake  Vermillion,  it  occurs  in  countless  numbers,  and  some- 
times the  shores  of  the  lake  are  simply  lined  with  a  broad 
band  of  these  gaudy  beings.  They  are  attracted  by  all  sorts 
of  putrid  matter,  and  a  dead  fish  seems  to  possess  special 
attractions.  This  butterfly  is,  with  one  exception,  the 
largest  swallow-tail  found  in  Minnesota,  and  measures  with 
expanded  wings  four  inches  and  more.  The  wings  in  all  our 
specimens  are  a  rich  lemon-yellow,  banded  and  bordered 
with  black;  on  the  fore-wings  are  four  black  bars,  the  inner 
one  extending  entirely  across  the  wing,  the  outer  ones  be- 
coming shorter  as  they  approach  the  apex.  The  front^mar- 
gin  is  edged  with  black,  and  the  outer-margin  has  a  wide 
border  of  the  same  color,  in  which  is  a  row  of  eight  or  nine 
spots,  the  lowest  one  being  the  smallest.  The  hind-wing  is 
crossed  with  a  tapering  streak  of  black;  there  is  also  a  wide 
black  border  enclosing  lunar  spots.  Above  and  about  these 
spots,  and  especially  towards  the  inner  angle  of  the  wing, 
this  border  is  thickly  powdered  with  blue  scales.  The  outer 
margin  of  the  hind-wing  is  scalloped,  and  partly  edged  with 
yellow;  the  inner-margin  is  bordered  with  brownish-black 
for  about  two-thirds  of  its  length,  followed  by  a  small  yel- 
low patch,  which  is  succeeded  by  a  larger  black  spot,  center- 
ed with  a  crescent  of  blue  atoms,  and  bounded  below  by  an 
irregular  reddish  spot  margined  within  with  yellow.  The 
hind-wings  terminate  in  two  long  black  tails,  edged  on  the 
inside  with  yellow.  The  body  is  black  above,  margined  with 
pale  yellowish.  The  paler  under-surface  of  the  wings  is. 
similar  to  the  upper  one. 
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In  Minnesota  both  sexes  of  tHis  beautiful  butterfly  have 
a  yellow  ground  color  of  the  wings;  but  south  of  Pennsy  1- 
yania  the  female  usually  loses  this  color  and  becomes  almost 
black;  the  male,  however,  always  retains  its  normal  yellow^ 
color. 


Fig.  28. — PApilio  taraua,  Linn.:    A,  cfig;  B,  larva  crawling; 
C,  larra  resting;  D,  chrjsalia. 

The  winter  is  passed  as  a  chrysalis  (Fig.  28,  D.),  whicfe 
is  of  a  dull  brown  color;  it  has  a  conical  horn  back  of  the 
head.  Towards  the  end  of  May  the  butterflies  appear;  they 
now*  commence  to  deposit  their  eggs  upon  the  leaves  of 
apple  and  cherry  trees;  in  the  north  they  prefer  the  cherry 
and  the  canoe-birch  for  this  purpose.  The  eggs  are  laid 
singly,  and  hatch  in  about  twelve  to  fourteen  days.  The 
very  young  caterpillars  are  black,  roughened  with  small 
brownish-black  tubercles,  with  the  first  segment  thickened, 
of  a  dull,  glossy,  flesh-color,  a  prominent  fleshy  tubercle  on 
each  side,  and  a  patch  of  white  on  the  seventh  and  eighth 
segments.  Fully  grown,  the  caterpillar  is  about  two  inches 
long,  with  a  rather  large  reddish-brown  head,  and  a  green 
body,  paler  on  the  sides,  which  tapers  posteriorly;  parts  of 
the  body  are  covered  with  a  whitish  bloom.  On  the  front 
edge  of  the  first  segment  is  a  raised  yellow  fold,  which 
slightly  overhangs  the  head,  and  from  which,  when  irritated, 
the  caterpillar  can  protrude  a  yellow,  fleshy  and  forked 
organ,  which  gives  off  a  peculiar  odor,  disagr^able  to  some 
persons.    No  doubt  this  peculiar  organ,  found  near  the  head 
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in  the  caterpillars  of  most  swallow-tails,  though  in  cater- 
pillars of  son^e  moths  near  the  tail,  has  the  office  to  drive  pflF 
the  numerous  parasites  always  ready  to  pounce  upon  their 
victims.  On  each  side  of  the  third  segment  is  an  eye-like 
spot,  nearly  oval,  yellow,  enclosed  by  a  ring  of  black,  cen- 
tered with  a  small  elongated  blue  dot,  which  is  also  set  in 
black.  In  some  species  of  swallow-tails  these  eye-like  spots 
look  very  much  like  eyes,  and  are  sometimes  quite  startling. 
Another  raised  yellow  fold  occurs  on  the  posterior  portion 
of  the  fourth  segment;  it  is  bordered  behind  with  velvety 
black,  but  is  only  seen  when  the  caterpillar  is  in  motion. 
•Other  dots  occur  as  indicated  in  the  illustration  (Fig.  28). 

Early  in  August,  the  caterpillar  becomes  restless  and 
wanders  about  in  search  of  a  suitable  spot  in  which  to 
-change  to  a  chrysalis,  and  in  which  to  pass  the  winter. 
When  such  a  shelter  has  been  found,  it  spins  a  little  carpet 
of  silk,  into  which  it  fastens  the  hooks  of  the  prolegs;it  then 
fastens  a  silken  band  or  loop  around  the  middle  of  its  body 
to  suspend  itself.  This  done,  it  casts  its  larval  skin  and  re- 
mains as  a  chrysalis  until  the  following  spring. 

The  butterfly  is  shown  in  Fig.  27,  plate  IV. 

FAMILY  HESPBRID^  OR  SKIPPERS. 

These  butterflies  are  quite  different  from  all  the  preced- 
ing ones;  they  differ  by  {)ossessing  broad  heads,  clothed  with 
bristly  hair,  by  having  widely  separated  antennae,  the  chibs 
of  which  terminate  by  a  more  or  less  marked  and  recurved 
slender  booklet,  and  by  having  rather  small  wings  in  com- 
parison to  the  heavy  bodies  (Fig.  15).  They  are  very  well 
named,  as  they  skip  from  place  to  place  amongst  low  herb- 
age. The  caterpillars  have  unusually  large  heads,  with 
strongly  contracted  necks;  they  generally  make  a  sort  of 
nest  of  a  folded  leaf  or  of  several  leaves.  We  have  a  large 
number  of  species  in  Minnesota,  but  none  are  destructive  to 
fruit;  most  of  the  caterpillars  feed  upon  the  leaves  of  the 
various  kinds  of  clovers,  vetches  and  similar  plants.  A  com- 
mon species  ig  shown  on  Plate  IV,  Fig.  29;  it  is  the  silver- 
-spotted  skipper  {Endamus  tityrus  Fab.). 
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FAMH^Y  SPHINGID^  OR  HAWK-MOTHS. 

Hawk-moths  are  easOy  recognized  by  the  form  of  the 
body,  wing  and  antennae.  The  body  is  very  stont  and 
spindle-shaped;  the  wings  are  long,  narrow  and  very  strong;, 
the  antennae  are  more  or  less  thickened  in  the  middle  or 
towards  the  tip,  which  is  frequently  curved  back  in  the  form 
of  a  hook;  rarely  are  the  antennae  pectinated.  The  tongue 
is  usually  very  long,  being  in  some  instances  twice  as  long 
as  the  body;  but  in  one  subfamily  it  is  short  and  membran- 
ous. When  not  in  use  it  is  closely  coiled  like  a  watch-spring 
beneath  the  head. 

Hawk-moths,  or  Humming-bird  moths,  have  obtained 
these  names  farom  their  habits  of  hovering  about  the  flowers, 
and  from  their  rapid  and  darting  motions.  Most  of  them 
appear  just  about  dusk,  flying  about  such  deep  flowers  as^ 
the  morning  glories,  primroses,  petunias  or  others.  By 
means  of  their  unusually  long  tongues  they  are  enabled  to 
reach  the  very  bottoms  of  these  flowers  in  which  are  located 
the  nectaries,  taking  this  food  while  poised  over  the  flower, 
and  but  rarely  alighting.  This  attitude,  and  the  whir  of 
their  powerful  vibrating  wings,  gives  them  a  strong  resem- 
blance to  humming-birds,  which  obtain  the  sweet  food  in  a 
similar  manner.  Some  of  the  smaller  and  clear-winged 
hawk-moths  fly  during  the  broad  daylight. 

The  caterpillars  of  the  Sphingidaeareall  external  feeders, 
and  have  a  cylindrical  and  naked  body,  usually  with  a  horn 
near  the  end  on  the  eight  abdominal  segment;  in  some  cases^ 
this  horn  is  replaced  by  a  shining  tubercle  or  knob.  Many 
people  are  greatly  afraid  of  such  caterpillars,  believing  that 
they  could  inflict  painful  wounds  with  these  horns,  which 
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are,  however,  never  provided  with  stings.  ^  While  at  rest 
many  of  the  caterpillars  assume  a  very  peculiar  attitude, 
supposed  to  resemble  the  Egyptian  Sphinx,  hence  their  scien- 
tific name  Sphingidae. 

THE  THYSBE  CLEAR-WING. 

{Hemaris  thy  she  Fab.). 

This  beautiful  insect  is  not  a3  common  as  the  closely 
related  Bumble-bee  Hawk-moth  (H.  diffinis  Bdv.),  the 
larva  of  which  frequently  strips  all  the  foliage  from  our 
ornamental  waxberry  plants  and  honeysuckles.  Both  moths 
fly  during  th^  day  and  resemble  very  closely  the  common 
bumble-bees,  both  in  size  and  general  appearance.  The 
wings  of  tbysbCf  which  expand  nearly  two  inches,  are  trans- 
parent, and  crossed  by  dark  brown  veins.  The  fore-wings 
have  a  narrow  costal  border,  a  wide  outer  border  dentate 
inwardly  on  the  inter-spaces,  and  a  basal  patch  extending 
along  the  hinder  margin,  of  a  dark,  reddish-brown  color, 
and  overlaid  on  the  basal  portion  with  olive-green  hairs. 
This  species  is  readily  distinguished  from  our  other  species 
by  a  line  of  scales  dividing  the  discal  cell  lengthwise.  The 
hind- wings  are  bordered  all  around,  narrowly  on  the  costa, 
more  widely  on  the  outer  margin,  with  dark,  reddish-brown, 
while  the  hinder  marginTand  base  of  the  wing  have  a  very 
wide  border  of  rusty  red. 

The  trim-looking  caterpillar,  nearly  one  inch  and  three- 
fourths  in  length,  tapering  towards  the  head,  is  of  a  pea- 
green  color,  granulated,  with  dark  breathing-pores;  a 
pinkish  stripe  extends  along  the  middle  of  the  back,  bord- 
ered on  each  side  with  a  whitish  line,  which  ends  in  front  of 
the  caudal  horn.  A  white  or  yellowish  line  runs  along  each 
side  from  the  second  segment  to  the  base  of  the  horn,  which 
is  curved,  light-blue,  tipped  with  yellow,  granulated  with 
white  on  the  sides,  and  black  in  front. 
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The  pupa  is  blackish-brown,  with  the  entire  surface 
shagreened.  The  terminal  spine  is  broad  at  the  base, 
prominent,  flat,  rounded  at  the  tip,  and  armed  with  some 
fine  hooks. 

The  caterpillars  feed  upon  difierent  kinds  of  snow-balls, 
-waxberry,  hawthorn,  apple  and  plum. 

The  adtdt  insect  is  shown  in  Fig.  30,  plate  V. 

THE  GRAPE-VINE  AMPHION. 

{Ampbion  nessus  Cram.). 

This  beautiful  moth  (Fig.  31/  is  found  from  time  to  time 
flying  about  from  the  first  to  the  middle  of  June  in  broad 
sunlight,  and  in  this  way  resembling  the  insect  just  de- 
scribed. Specimens  were  caught  here  as  late  as  the  begin- 
ning of  August. 

The  moth,  which  expands  from  one  inch  and  three- 
fourths  to  two  inches,  has  the  upper  side  of  head,  thorax, 

abdomen  and  fore-wings  of  a 
dull,  dark,  rusty-brown  color. 
The  middle  of  the  fore-wings 
is  crossed  by  a  rich,  dark- 
brown  oblique  band,  within 
which  are  two  lines  of  the 
same  color;  beyond  the  cen- 
tral band  is  another  line  fol- 

Pig.  51.— AmpA/on  nc«»0»  Cram.  ^  -   -  -  .  r   ^i 

After  BeutenmTieUer.  lowcd  by  Several  spots  oi  the 

same  color.  None  of  the  markings  are  clearly  defined.  The 
fringes  are  of  the  same  color  as  the  wings,  except  at  the 
middle  of  the  excavations,  where  they  are  pale  yellow.  The 
hind-wings  are  of  a  rich,  dark  brown  color,  with  an  oblique, 
central  reddish  band ;  the  fringes  are  pale  yellow,  spotted 
with  brown. 

The  caterpillar,  which  feeds  upon  the  grape-vine,  Vir- 
ginia creeper,  Epilobium,  and  some  other  plants,  measures 
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over  two  inches  in  length ;  it  tapers  greatly  from  the  fourth 
segment  to  the  head,  but  there  is  a  slight  enlargement  of 
the  third  and  fourth  segments  which  increases  with  every 
moult.  It  is  of  a  uniform  pale  yellowish-green  color,  or 
chocolate-brown,  dotted  with  numerous  dark-umber  points, 
but  especially  along  the  dorsal  line;  two  light  longitudinal 
subdorsal  Ipties  extend  straight  from  the  head  to  the  eleventh 
segment,  thence  curving  to  the  caudal  horn.  There  are  also 
eight  lateral  or  stigmatal  stripes  of  dark  umber;  the  caudal 
horn  is  very  short,  black-ochre  or  reddish-brown  at  the 
base,  tapering  abruptly,  and  often  carried  in  a  line  with  the 
back.  The  caterpillar  is  rather  sluggish :  at  rest  it  stretches 
itself  at  full  length  along  the  leaf  or  leaf-stem,  very  much 
like  the  larva  of  the  Abbot  Spinx  described  later.  When  full 
grown  it  transforms  to  a  dark-brown  pupa  under  the  rub- 
bish on  top  of  the  ground. 

THE  ABBOT  SPINX. 

{Thyreus  Abbotii  Swains.). 

This  interesting  insect  is  not  common  in  Minnesota,  but 
occurs  only  occasionally  upon  our  cultivated  and  wild 
grapes,  as  well  as  upon  the  Virginia  creeper.  The  caterpillar 
reaches  its  full  size  early  in  August,  when  it  measures  almost 
two  inches  in  length.  It  varies  considerably  in  color  and 
appearance.  Usually  it  is  of  a  dull  yellow  or  reddish-brown 
each  segment  being  marked  transversely  with  six  or  seven 
fine  black  lines,  and  longitudinally  with  dark  brown  patches^ 
giving  the  caterpillar  a  checkered  appearance.  The  under 
side  of  the  caterpillar  is  yellowish,  with  a  pinkish  tinge  be- 
tween the  prolegs.  The  head  is  slightly  roughened  and  dark, 
with  a  lighter  broad  band  each  side,  and  a  central  x-shaped 
mark  down  the  middle.  This  caterpillar  does  not  possess 
the  usual  caudal  horn  like  the  other  larva  of  the  Sphingidse, 
having  in  its  place  a  polished  black  tubercle,  ringed  with 
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ydlow ;  nor  does  it  assume  the  usual  attitude  of  a  shinx  by 
holding  up  the  head,  but  rests  stretched  out  at  full  len^h 
upon  a  twig*  If  disturbed  it  will  throw  its  head  from  side 
to  side,  producing  at  the  same  time  a  crepitating  sound. 

The  pupa  is  formed  most  frequently  in  a  little  cavity  on 
the  surface  of  the  ground,  or  is  simply  hidden  under  a  few 
dead  leaves  or  other  rubbish  loosely  fastened  together  with 
threads  of  silk,  in  which  are  mixed  grains  of  earth.  The 
pupa,  about  an  inch  and  a  quarter  long,  is  of  a  blackish  or 
dark  brown  color,  roughened  by  confluent  punctures,  but 
between  the  lighter  colored  joints  it  is  smooth.  The  head- 
case  is  broad  and  rounded;  the  tongue-case  does  not  pro- 
ject; and  the  tail  terminates  in  a  rough,  flattened  and 
wedge-shaped  point,  from  which  extend  two  minute  horns. 

The  adult  insect  remains  in  the  ground  until  the  follow- 
ing spring,  hence  we  have  but  a  single  ^nnual  generation. 
The  peculiar  moth,  measuring  with  expanded  wings  about 
two  and  a  half  inches  across,  is  of  a  dull  chocolate  or  gray- 
ish-brown color.  The  front-wings  are  lighter  beyond  the 
middle,  and  are  variegated  with  brown.  The  hind-wings 
are  sulphur-yellow,  with  a  broad,  dark  brown  border  break- 
ing into  a  series  of  short  lines  on  a  flesh-colored  ground  as  it 
approaches  the  body.  The  wings  are  very  deeply  scalloped, 
especially  the  front  ones.  The  body,  which  is  curved  up- 
wards when  the  insect  is  at  rest,  is  furnished  with  tufts 
along  the  sides  near  the  extremity.  If  the  insect  should  ever 
become  common,  it  is  easily  kept  in  check  by  hand-picking. 
A  number  of  small  parasites  seem  to  make  it  their  business 
to  keep  it  from  increasing. 

This  insect  is  shown  in  Fig.  32,  Plate  V. 

Deidemm  inscripta  Harris. 

This  is  a  very  uncommon  hawk-moth,  not  alone  in 
Minnesota  but  everywhere,  and  although  it  feeds  as  a  cater- 
pillar on  the  grape-vine  and  Virginia-creeper,  it  is  not  apt 
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to  become  injurious.  This  caterpillar  is  about  two  inches 
long,  of  a  fine  green  color ;  its  caudal  horn  is  whitish  at  the 
tip;  the  head  is  small  and  the  body  tapers  from  the  third 
segment  towards  the  head.  It  enters  the  ground  late  in 
June  or  in  the  beginning  of  July  for  pupation,  but  not  very 
deeply,  and  here  it  remains  until  the  middle  of  May,  when 
the  moth  emerges ;  there  is  but  a  single  annual  brood. 

The  moth,  which  expands  a  little  less  than  two  inches,  has 
an  ashen-gray  head  and  body;  the  thorax  is  shaded  with 
brown,  and  there  are  two  rows  of  dark  brown  spots  on  the 
abdomen.    The  last  segment  is  trifurcated ;  the  antennae  are 


Piar.  33.— Dc/dcm/a  iascripta  Harr.    After  Beuteniutieller. 
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serrated  in  the  male,  simple  in  the  female.  The  fore- wings 
have  the  same  color  as  the  body,  with  bands  and  marks  of 
rich  brown  of  various  shades ;  there  is  a  pale  discal  spot, 
and  also  a  small  triangular  spot  near  the  exterior  margin. 
The  hind-wings  are  reddish,  or  reddish-brown,  with  darker 
outer  margins.  The  under  side  of  the  wings  is  ashen-gray, 
with  darker  borders ;  the  small  triangular  white  spot  on  the 
upper  surface  near  the  outer  edge  of  fore-wings  is  repeated. 
This  rare  moth  is  shown  in  Fig.  33. 

THE  WHITE-LINED  MORNING-SPHINX. 

{Deilepbila  lineata  Fab.). 

This  very  beautiful  moth  is  quitecommon  in  Minnesota, 
and  would  cause  much  more  injury  to  our  cultivated  grape- 
vines if  it  did  not  prefer  the  common  purslane  for  food,  to 
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which  it  is  quite  welcome.  The  moth  may  often  be  seen  at 
dusk  flying  from  flower  to  flower.  It  resembles  in  its  flight 
a  humming-bird,  especially  if  it  hovers  over  some  flower  and 
pushes  its  long  tongue  into  the  same  to  extract  the  sweet 
nectar  found  in  it.  The  humming-sound,  similar  to  that 
produced  by  the  flight  of  a  humming-bird,  is  produced  by 
the  rapid  motion  of  the  wings. 

The  ground-color  of  the  fore-wings'of  this  hawk-moth  is 
a  rich  greenish-olive,  w^ith  a  pale-buff*  stripe  or  bar  extend- 
ing along  the  middle  of  the  wing  from  the  base  to  near  the 
tip;  along  the  outer  margin  there  is  another  band  nearly 
equal  in  width,  but  of  a  grayish  color;  the  veins  are  mar- 
gined with  white.  The  hind-wings,  which  are  quite  small, 
are  of  a  roseate  color,  and  are  marked  above  and  below  by 
an  almost  black  band;  the.  lower  margin  is  fringed  with 
white.  On  the  body  there  is  a  line  of  white  on  each  side, 
extending  from  the  head  to  the  base  of  the  thorax,  where  it 
unites  with  another  line  of  the  same  color,  which  extends 
down  the  middle,  and  dividing,  sends  a  branch  to  each  side. 
The  greenish-olive  abdomen  has  interrupted  banfls  of  white 
and  black,  as  shown  in  the  illustration  Fig.  36,  Plate  VI. 
The  wings  of  this  fine  moth  expand  about  three  inches  and 
a  half. 

This  insect  is  double  brooded  in  Minnesota,  appearing 
on  the  wing  in  June  and  again  in  September.  It  seems  as  if 
an  attempt  was  made  to  produce  still  another  brood,  as  not 
infrequently  the  moths  are  found  very  late;  Sept.  28  and 
Oct.  14  are  dates  of  late  captures. 

This  moth  has  a  very  wide  geographical  range,  being 
not  alone  found  throughout  the  United  States,  but  also  in 
Canada,  West  Indies,  Mexico  and  Southern  Europe,  where 
it  is  called  (Z).  livomia).  Its  caterpillar  is  a  rather  general 
feeder,  having  been  found  upon  the  grape,  apple,  water- 
melon, buckwheat,  turnip  and  purslane;  the  latter  is  the 
plant  preferred,  however.  It  is  not  uncommonly  found  as 
late  as  September,  even  up  to  frost.      When  mature,  the 
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caterpillar  enters  the  earth,  where  it  lorms  a  smooth  cavity, 
inside  of  which  it  transforms  to  a  light-brown  ptipa.  The 
caterpillars  vary  very  much  indeed,  so  much  so  that  ex- 
treme forms  of  it  do  not  resemble  each  other  in  the  least. 
The  most  common  form  is  yellowish-green,  with  a  promin- 
ent sub-dorsal  row  of  elliptical  spots,  each  spot  consisting 
of  two  curved  black  lines  inclosing  a  bright  crimson  space 
and  a  pale  yellow  line;  all  the  spots  are  connected  by  a  pale 
yellow  stripe,  edged  above  with  black  (Fig.  34).    The  other 


Pis:.  34,.— Deilepbila  liaeata  Pab.,  caterpillar. 


"Fig.  35.— Deilephila  lineata  Pab.,  caterpillar. 

common  form  is  black,  distinguished  chiefly  by  a  narrow 
yellow  line  along  the  back,  and  a  series  of  paler  and  darker 
yellow  spots  (Fig.  35).  Both  forms  are  subject  to  great 
variation. 

These  rather  beautiful  caterpillars  are  sometimes  exceed- 
ingly numerous,  and  people  are  apt  to  become  scared  on 
their  account.  When  army  worms  and  migratory  locusts 
have  denuded  fields  of  almost  all  plants,  only  the  purslane 
is  left  in  undisturbed  possession  of  such  fields,  not  having 
been  eaten  by  either  of  the  above  insects,  and  having  now  an 
opportunity  to  spread,  this  weed  is  not  slow  to  do  so,  and  in 
this  way  a  large  amount  of  food  is  offered  to  and  accepted 
by  this  insect.      But  an  increased  number  of  caterpillars  is 
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soon  followed  bv  an  increased  number  of  parasites,  from 
which  this  species  of  moths  snfiers  greatly.  A  two-winged 
fly,  a  species  of  Tacbina,  destroys  large  numbers  of  the 
larva,  and  it  is  often  quite  difficult  to  find  a  single  caterpillar 
that  does  not  show  the  cream- white  eggs  of  this  parasite. 

THE  DARK-VEINED  MORNING  SPHINX. 

{Deilepbila  galii  var.  cbamsenerii  Harr.). 

This  is  a  closely  allied  species,  but  smaller  and  not  as 
common,  though  by  no  means  a  very  rare  insect.  Its  larva 
has  also  been  iound  feeding  upon  the  leaves  of  the  grape- 
vine, but  it  prefers  those  of  plants  belonging  to  the  genera 
Galium  and  Epilobium,  Other  plants  are  also  eaten.  The 
moth  has  the  same  greenish-olive  color  as  lineata^  and  al- 
most the  same  stripes  and  markings.  The  central  band  on 
the  fore-wings  in  this  species  is  wider  and  more  irregular;  the 
thorax  lacks  the  white  markings  on  the  disk,  and  the  veins 
are  not  lined  with  white.  The  hind-wings  in  both  species 
are  almost  identical  in  coloration  and  markings.  This 
insect  is  quite  coi^imon  in  Europe,  and  the  form  found  here 
hardly  deserves  the  name  of  a  variety.  It  is  shown  in  Fig. 
37,  Plate  V. 

The  caterpillar,  measuring  about  two  and  a  half  to  three 
inches  in  length,  has  a  small  dull-red  head,  with  a  black 
stripe  across  the  front  at  base.  The  body  is  deep  olive- 
green,  polished,  with  a  pale  yellow  line  along  the  back,  ter- 
minating at  the  base  of  the  caudal  horn;  on  each  segment, 
from  the  third  to  the  twelfth,  is  a  pale  yellow  spot  on  each 
side,  about  half  way  between  the  dorsal  line  and  the  breath- 
ing-pores, largest  on  the  segments  from  the  sixth  to  the 
eleventh;  the  spot  on  the  twelfth  segment  is  elongated,  and, 
extending  upwards,  terminates  at  the  base  of  the  horn. 
The  yellow  spots  are  placed  in  a  wide  but  indistinct  blackish 
band,  and  the  sides  of  the  body  below  the  spots  are  thickly 
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Sprinkled  with  minute,  raised,  yellow  dots.  The  under  sur- 
face is  pale  pinkish-green;  the  feet  are  black;  the  prolegs 
pink;  with  a  patch  of  black  on  the  outside  of  each. 

THE  ACHEMON  SPHINX. 

{Pbilampelas  achemon  Drury). 

Among  the  fifty  or  more  larvae  of  moths  that  feed  upon 
the  foliage  of  the  grape,  we  have  some  ten  species  of  hawk- 
moths,  all  of  which  are  widely  distributed.  Some  of  them 
are  rare,  but  others  will  occasionally  become  quite  destruct- 
ive. The  best  known  of  all  is  the  caterpillar  of  the  vabove- 
named  Sphinx,  which  frequently  devours  all  the  foliage  of 
the  Virginia  creepers,  and  strips  whole  canes  of  the  grape. 
Being  quite  large  it  is  readily  seen,  and  it  is  always  a  case  of 
gross  negligence  if  such  a  large  insect  is  not  discovered  and 
removed.  In  nurseries  the  damage  is  frequently  very  great, 
as  one  of  the  large  caterpillars  can  kill  numerous  young 
vines  in  a  short  time.  Hand-picking  is  in  all  cases  the  most 
simple  and  satisfactory  remedy. 

The  full  grown  caterpillar  of  this  insect  is  usually  found 
towards  the  latter  part  of  August  and  early  in  September. 
It  is  a  large  larva,  measuring  almost  four  inches  when 
crawling;  at  rest  it  measures  much  less,  as  the  first  two 
smaller  segments  are  partly  withdrawn  in  the  much  larger 
third  segment.  The  caterpillar  varies  in  color  from  pale 
straw-color  to  reddish-brown,  the  color  growing  darker 
and  deep-brown  towards  the  under  side.  An  interrupted 
line  of  brown  runs  along  the  back,  and  another  unbroken 
one  extends  along  each  side;  below  this  latter  are  six  scal- 
loped cream-colored  spots,  one  on  each  segment,  from  the 
sixth  to  the  eleventh.  The  much  wrinkled  body  fs  dotted 
with  minute  spots,  which  are  dark  on  the  back  but  lighter 
and  annulated  at  the  sides.  Head,  thoracic  segments,  and 
spiracles   are   suffused  with    flesh-color;    the   prolegs  and 
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caudal-plates  are  brown.  When  this  caterpillar  is  ready  to 
change  to  a  pupa  it  changes  to  a  beautiful  pink  or  crimson 
color.  The  young  larva  is  green,  with  a  long  and  slender 
horn  rising  from  the  eleventh  segment  and  curving  over  the 

^      1 


^Mann.s-c 


Pig.  38. — Pbtt&mpeluM  acbemon  Drtiry.  a,  moth;  b,  «gg;  c,  young  larva;  d,  xnattire 
larva;  e.  papa;  f.  pirasitixed  larva — all  natural  size.  Prom  Div.  of  Bntomology, 
Department  of  Agrictaltnre. 

back.  In  the  older  and  fully  grown  specimens  this  long  horn 
has  disappeared,  and  in  its  place  is  found  a  highly  polished 
lenticular  tubercle. 

The  large  pupa  is  formed  in  a  smooth  cell  several  inches 
below  the  surface  of  the  ground ;  it  is  of  a  dark,  shining 
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mahogany  color,  shagreened  or  roughened,  especially  at  the 
anterior  edge  of  the  segments  on  the  back,  and  terminates 
in  a  short,  blunt  spine.  This  species  is  single  brooded,  and 
the  pupa  remains  in  the  ground  until  late  in  June  of  the  fol- 
lowing year,  though  in  some  cases  the  moth  has  appeared 
the  same  season. 

The    fine   looking    moth  is  brownish-gray,   variegated 
r-ic,  '  with  light  brown,  and  with  deep  brown  spots.    The  hind- 

^^iVyV  .'        wings  are  pink,  with  a  dark  shade  across  the  middle,  still 
barker  spots  below  this  shade,  and  a  broad  gray  band  be- 
hind.   The  heavy  reddish-gray  body  is  marked  with  two 
'^«y ,    I        dark  brown  triangular  patches  on  the  thorax,  which  are 
^^        '    finely  edged  with  white.    The  posterior  edges  of  all  the  seg- 
ments of  the  body  are  also  edged  with  white. 

This  showy  insect  is  found  throughout  the  United  States 
and  Canada,  or  wherever  the  grape  is  cultivated,  or  where 
the  Virginia  creeper  is  utilized  to  decorate  our  dwelling 
places. 

The  illustration  (Figs.  38)  shows  the  diflferent  states  of 


I- 


^Sf 


»^«  :^  this  insect;  the  adult  and  caterpillar  is  also  shown  in  Figs. 


'mt-        >    39  and  40  on  Plate  VII. 

THE  PANDORUS  SPHINX. 


v~.< 


^k^''- 


( Pbilampelus  pandoras  H  bn . ) . 

One  of  the  most  beautiful  moths  found  in  the  United 
States  is  the  Pandorus  Sphinx.    It  is  not  common  in  Min- 
♦Jfc  nesota,  but  occurs  here,  as  several  specimens  have  been  seen 

that  were  captured  in  our  State.  The  moths,  with  wings 
fully  expanded,  measure  from  four  to  four  and  a  half  inches 
across;  they  are  of  a  light  olive  color,  mixed  with  gray, 
and  varied  with  patches  of  a  darker  olive-green,  rich  and 
velvety,  and  some  portions,  especially  on  the  hind-wings, 
are  of  a  rosy  hue.  The  bodj-  is  pale  greenish-brown,  orna- 
mented with  dark  olive  patches.  The  moths  appear  in  July, 
when,  after  pairing,  the  female  deposits  her  eggs  singly  on 
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the  leaves  of  the  grape-vine  and  Virginia  creeper  {Ampelopsis 
quinqueiolia),  where  they  shortly  hatch,  producing;  small 
green  larvae  of  a  pinkish  hue  along  the  sides   and  with  a 


I 

I 


Pig.  4>l.—PbUampelua  pandoras  Hbn.    Caterpillars  of  different  acres.     After  Riley. 

very  long  pink  horn  at  the  tail  (Fig.  41).  As  the  cater- 
pillars increase  in  size  the  horn  becomes  shorter,  and  after  a 
time  curves  round.  As  the  larva  approaches  maturity,  it 
changes  to  a  reddish-brown  color,  and  after  a  third  moult 
loses  the  caudal  horn,  which  is  replaced  by  a  glassy,  eye-like 
spot.  The  mature  larva,  when  in  motion,  will  measure 
nearly  four  inches  in  length,  but  when  at  rest  it  draws  the 
head  and  two  adjoining  segments  within  the  third,  which 
shortens  its  body  nearly  an  inch,  giving  it  a  very  odd  ap- 
pearance, with  its  anterior  portion  so  blunt  and  thick.  It 
is  of  a  rich  reddish-brown  color,  of  a  lighter  shade  along  the 
back,  with  five  nearly  oval  cream-colored  spots  along  each 
side  from  tbe  seventh  to  the  eleventh  segments  inclusive. 
On  the  anterior  segments  there  are  a  number  of  black  dots; 
a  dark,  polished,  raised,  eye-like  spot  in  place  of  the  tail ;  the 
breathing- pores  along  the  sides  black,  showing  prominently 
in  the  cream-colored  spots.     It  is  a  very  voracious  feeder, 
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and  strips  the  vine  of  its  leaves  with  such  rapidity  that  it 
soon  attracts  attention.  When  full  grown  it  descends  from 
the  vine  and  buries  itself  in  the  ground,  where  it  forms  an 
oval  cell,  within  which  it  changes  to  a  pupa.  This  pupa  is 
of  a  chestnut-brown  color,  with  the  segments  roughened 
with  impressed  points,  the  terminal  joint  having  a  long, 
thick  spine.  The  insect  remains  in  the  pupal  state  until  the 
following  summer,  but  occasionally  it  matures  and  escapes 
the  same  season.     The  moth  is  shown  in  Fig.  42,  Plate  VII. 

THE  HOG-CATERPILLAR  OF  THE  GRAPE. 

[Ampelopbaga  myron  Cram.). 

Xhis  common  caterpillar,  also  called  the  "Green  Grape- 
vine Sphinx,"  is  the  most  destructive  of  the  horned  cater- 
pillars found  feeding  upon  the  foliage  of  the  grape.  It  is 
called  the  Green  Grape-vine  Sphinx  because  the  moth,  which 
expands  about  two  and  a  half  inches  across  the  wings,  has 
the  fore- wings  of  a  dark  olive-green  color,  crossed  by  bands 
and  streaks  of  greenish-gray,  and  shaded  on  the  outer-mar- 
gin with  the  same  hue;  its  hind-wings  are  dull  red,  with  a 
patch  of  greenish-gray  next  the  body,  shaded  gradually  into 
the  surrounding  color.  On  the  under  side  the  red  appears 
on  the  fore- wings,  the  hinder  pair  being  greenish-gray.  The 
antennae  are  dull  white  above,  rosy  below;  head  and 
shoulder-covers  deep  olive-green,  the  rest  of  the  body  of  a 
paler  shade  of  green;  underneath  the  body  is  dull  gray.  The 
moth  is  shown  in  Fig.  43,  Plate  VI. 

It  rests  quietly  during  the  day,  takes  wing  at  dusk,  and 
is  very  active,  having  a  swilt  and  strong  flight.  It  darts 
rapidly  from  flower  to  flower,  and  is  not  readily  captured, 
as  it  is  a  wide-awake  insect.  Large  numbers  are  attracted 
to  the  electric  lights,  and  the  moths  fly  enormously  long  dis- 
tances to  it,  otherwise  they  could  not  be  found  at  this  light 
in  our  prairie  villages,  and  in  places  where, neither  grape- 
vines nor  Virginia  creepers  are  grown. 
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The  caterpillars  consume  a  very  large  amount  of  food, 
and  a  very  few  of  them  are  capable  of  stripping  a  small  vine 
of  its  foliage  in  the  course  of  two  or  three  days.  They  pos- 
sess the  additional  bad  habit  of  gnawing  into  the  stems  of 
the  clusters  of  the  grapes,  which  either  wilt  or  drop  off. 

The  eggs,  which  are  0.05  inch  in  diameter,  perfectly 
round,  and  of  a  uniform  delicate  yellowish-green  color,  hatch 


"Pig.  ^4t.^ Am pelopbaga  myron  Cram.,  caterpillar.    After  Riley. 

into  pale  green  worms  with  long  and  straight  horns  at  the 
tails.  After  feeding  from  four  to  five  weeks  they  reach  their 
foil  size,  and  the  horns  look  now  comparatively  short,  with 
a  posterior  curve.  The  full  grown  (Fig.  44-)  caterpillar  is  dis- 
tinguished by  having  the  third  and  fourth  segments  immensely 
swollen,  while  the  first  and  second  ones  are  quite  small  and 
retractile.  According  to  Prof.  Riley  it  is  from  this  peculiar 
appearance  of  the  fore  part  of  the  body,  which  strikingly 
suggests  the  fat  cheeks  and  shoulders  and  small  head  of  a 
blooded  hog,  that  it  is  known  as  the  **Hog-caterpillar.'' 
Perhaps  an  equally  good  explanation  for  having  this  name 
is  the  great  appetite  possessed  by  such  worms.  The  color 
of  a  grown  caterpillar  is  pea-green;  it  is  wrinkled  trans- 
versely, and  covered  with  numerous  pale  yellow  dots,  placed 
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in  irregular  transverse  rows.  An  oblique  cream-colored 
lateral  band,  bordered  below  with  darker  green,  and  most 
distinct  on  the  middle  segments,  connects  with  a  cream- 
colored  sub-dorsal  line,  which  is  bordered  above  with  darker 
green,  and  which  extends  from  the  head  to  the  horn  at  the 
tail.  There  are  five  and  often  six  somewhat  pale  yellow 
triangular  patches  along  the  back,  each  containing  a 
lozenge-shaped  lilac-colored  spot.  The  head  is  small,  with 
yellow  granulations,  and  four  perpendicular  lines,  and  the 
spiracles  or  breathing-holes  are  orapge-brown.  The  cater- 
pillars vary  considerably  in  coloration,  especially  those  of 
the  second  brood,  where  the  green  is  often  replaced  by  a 
delicate  reddish-pink,  with  markings  of  darker  shades  of  red 
and  brown.  When  full  grown  the  caterpillar  descends  from 
the  vine,  and  among  old  leaves  or  any  other  rubbish  lying 

on  the  ground  it  forms  a  mesh 
of  strong  brown  silk,  within 
which  it  changes  to  a  pupa  (Fig. 
45),  which  is  ofa  pale  brown  col- 
or, speckled  and  spotted  with 
mg,4,s,-Amp^i^nJa  mj^ronCram..  browu,  butchicfly characterized 

pupa.    After  Riley.  •  .  j       i        i_ 

by  conspicuous  dark  brown 
spiracles  and  broad  brown  incisures  of  the  three  larger  ab- 
dominal segments. 

The  moths  of  the  first  brood  appear  during  May;  those 
of  the  second  late  in  July.  The  insect  passes  the  winter  in 
the  pupal  state. 

The  best  method  to  dispose  of  these  pests  is  to  pick  them 
ofif  the  vines,  and  as  the  worms  are  readily  detected  by  the 
ravages  they  cause  this  remedy  is  ver^-^  simple.    Though  fre-  - 

quently  very  numerous,  their  num- 
bers are  kept  in  check  by  several 
parasitic  insects.  It  is  not  uncom- 
mon to  see  one  of  these  caterpillars 
Fig.  ^e,-Ampeioph.^a  covcrcd  with  snow-white  cocoons  of 
'"^^.^.i^r        a  minute  wasp  (Fig.  46).    These  co- 
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coons  are  frequently  mistaken  by  those  not  well  posted  in 
such  matters  for  the  eggs  of  the  caterpillars  themselves.  Of 
course  this  is  a  mistake,  as  caterpillars  are  not  in  the  Itabit 
of  laying  eggs.  If  the  poor  victim  of  these  parasites,  which 
can  no  longer  take  any  food,  is  kept  in  a  glass,  we  shall  soon 
see  what  will  become  of  those  reputed 
eggs.  Before  very  long  we  shall  see  that  a 
very  minute  wasp  (Fig.  47)  pushes  open  a 
little  lid,  which  it  had  previously  cut  with 
Fi«  47.— panwitc.  its  jaws,  and  flies  off,  happy  to  be  liberated 
from  its  narrow  cell.  As  all  caterpillars 
attacked  by  these  parasites  succumb  in  the  end,  and  never 
transform  to  pupae,  it  is  well  to  recollect  that  worms  carry- 
ing such  egg-like  cocoons  should  be  left  alone,  and  should  by 
no  means  be  destroyed.  The  small  wasps  issuing  from 
these  cocoons  have  nothing  else  to  do  but  to  search  for  other 
caterpillars  in  which  to  deposit  their  eggs,  hence  they  are 
employed  in  very  good  work. 

THE  PLUM-TREE  SPHINX. 

{Sphinx  drupiferarum  S.  &  A.). 

Like  all  the  members  of  the  Sphinx  moths,  the  above  in- 
sect possesses  a  robust  body,  and  long  and  narrow  wings 
moved  by  powerful  muscles,' which  enable  it  to  fly  rapidly 
over  long  distances.  This  accounts  for  the  fact  that  they 
are  found  frequently  at  electric  lights  many  miles  away  from 
their  place  of  birth. 

The  Plum-tree  Sphinx  (Fig.  48,  Plate  VI)  is  a  handsome 
insect,  but  quite  different  from  those  described  before,  as  it 
lacks  their  bright  colors.  The  moth,  which  appears  during 
June,  has  an  expanse  of  wings  measuring  from  three  and  a 
half  to  four  inches.  The  wings  are  of  purplish-brown  color; 
the  fore-wings  have  a  stripe  of  white  on  their  anterior  edge, 
and  one  of  a  fawn-color  on  their  outer  one;  there  are  also 
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three  or  four  oblique  black  streaks,  and  a  black  dot  on  the 
white  stripe.  The  hind- wing  has  two  whitish,  wary  stripes, 
and'  a  fawn-colored  one  on  the  outer  edge.  The  head  and 
thorax  are  blackish-brown,  with  a  whitish-fawn  color  at 


Fig,  ^9.— Sphinx  drapUeraram  S.  &  A.;  caterpillar.    After  Sannden. 

the  sides;  the  eyes  are  very  prominent;  the  snout-like  pro- 
jection in  front  consists  of  the  two  palpi,  within  which  lies 
the  tongue,  snugly  coiled  up  like  the  spring  of  a  watch. 
This  tongue  is  as  long  as  the  body  and  is  used  by  the  insect 
in  extracting  nectar  from  flowers.  The  body  is  brown,  with 
a  central  line  and  a  band  on  either  side  of  black,  the  latter 
containing  four  or  five  dingy-white  spots.  The  insect  is 
quite  common  in  Minnesota,  as  indicated  by  the  large  num- 
ber of  moths  attracted  to  the  electric  light.  Even  as  far 
north  as  Duluth  the  insects  occur  in  fairly  large  numbers. 

The  eggs  are  laid  singly  on  the  leaves  of  the  plum.  They 
are  of  a  pale  yellowish-green  color,  smooth,  slightly  oval, 
and  about  one-fifteenth  of  an  inch  long.  In  about  eight  days 
the  young  caterpillar  eats  its  way  out  through  the  side  of 
the  egg;  the  shell  itself  is  usually  eaten  in  part  or  entire. 
The  young  larva  is  of  a  pale  yellowish-green  color,  with  a 
few  slightly  elevated  whitish  tubercles  on  every  segment,, 
from  each  of  which  arises  a  single  short  hair;  the  caudal 
horn  is  dark.     When  full  grown  the  caterpillar  (Fig.  49)  is 
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about  three  and  a  half  inches  long,  of  a  beautiful  apple-green 
color,  and  with  a  lateral  dark-brown  or  blackish  stripe.  On 
each  side  of  the  body  there  are  seven  broad,  oblique,  white 
bands,  bordered  in  front  with  light  purple.  The  breathing- 
pores  are  of  a  bright  orange-yellow;  the  dark-brown  horn 
is  quite  long  and  has  a  yellowish  tint  about  the  base  at  the 
sides. 

When  not  feeding  this  larva  assumes  the  peculiar  rigid 

position  that  has  given  this 
class  of  caterpillars  the  name 
of  •* Sphinx.''  It  is  quite  a 
formidable  looking  insect,  but 
Pig  50.— spA/ax  drapifkrarttm  is  perfectly  harmlcss  and  can 
.^pupa.  ^    handled    with     impunity. 

As  soon  as  fully  grown,  it  enters  the  ground,  where  at  the 
depth  of  several  inches  it  prepares  a  large  and  smooth  cell, 
lined  with  some  sort  of  water-proof  cement,  and  thfre  it 
changes  to  a  reddish-brown  pupa,  about  an  inch  and  a  half 
long,  and  with  a  short,  thick  and  projecting  tongue-case 
(Fig.  50).  The  pupa  remains  in  the  ground  until  the  follow- 
ing June. 

Like  all  worms  of  this  kind  they  soon  show  their  pres- 
ence upon  plum  trees  by  the  denuded  twigs,  and  a  vigilant 
ftuit-grower  should  not  be  slow  to  find  and  exterminate  this 
foe.  Sometimes  these  caterpillars  cause  considerable  dam- 
age in  nurseries,  and  if  found  in  large  numbers,  as  is  some- 
times the  case,  many  young  plum  trees  are  killed. 

THE  APPLE  SPHINX. 

( sphinx  gordius  Cram . ) . 

This  moth  (Fig.  51,  Plate  VI),  which  expands  from  three 
to  three  and  a  half  inches  across  the  wings,  is  also  found  in 
Minnesota,  but  seems  to  be  rather  uncommon.  It  is  found 
from  late  in  May  to  the  end  of  June.  Its  fore- wings  are  dark 
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brown,  varied  with  ash-gray,  with  black  streaks  within  the 
veins,  and  a  white  dot  near  the  middle,  resting  on  a  long 
black  line.  The  hind-wings  are  gray;  a  band  across  the 
middle,  and  a  wide  marginal  band  are  black.  The  fringes  of 
the  wings  are  white,  the  head  and  thorax  blackish-brown. 
The  abdomen  is  dark -gray,  with  a  central  black  line,  and 
alternate  black  and  grayish  bands  partly  encircling  it. 

The  caterpillar  of  the  Apple  Sphinx,  like  most  others  of 
this  family,  is  thick,  cylindrical  and  apple-green,  about  two 
and  a  half  inches  long,  with  a  reddish-brown  horn  projecting 
from  the  hinder  part  of  its  back,  and  with  seven  oblique 
stripes  along  each  side,  of  a  violet  color,  margined  behind 
with  white.  This  caterpillar  also  enters  the  earth  for  pupa- 
tion, and  changes  to  a  brown  pupa  with  a  short  projecting 
tongue-case.    The  insect  winters  as  a  pupa. 

Hand-picking  is  all  that  is  needed  to  keep  this  insect  in 
checl^. 

THE  BLIND-EYED  SPHINX. 

{Paonias  excascatus  S.  &  A.). 

Among  the  numerous  caterpillars  that  infest  apple  trees, 
we  find  sometimes  a  thick  and  cylindrical  worm,  about  two 
and  a  half  inches  long,  which  differs  from  all  those  men- 
tioned thus  far  by  having  a  green  and  triangular  head,bord- 


Fig,  62. — Paonias  excsecattis  S.  &  A.;  caterpillar. 

ered  with  white.  Its  body  is  of  an  apple-green  color,  paler  on 
the  back  but  deeper  along  the  sides.  Its  skin  is  roughened 
with  numerous  white-tipped  granulations;  the  caudal  horn 
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is  bluish;  seven  oblique  stripes,  of  a  pale  yellowish- white 
color,  are  found  on  each  side  of  the  worm,  the  last  one 
of  a  brighter  yellow  than  the  others,  and  extending  to  the 
base  of  the  horn  (Fig.  52).  The  caterpillar  enters  the  earth 
for  pupation  and  changes  to  a  chestnut- brown  smooth 
pupa,  with  a  short  terminal  spine. 

The  moth  (Fig.  53,  Plate  VIII)  appears  from  May  to  July, 
but  chiefly  in  June.  It  is  a  very  handsome  insect.  Its  body 
is  fawn-colored ;  on  the  top  of  the  thorax  is  a  chestnut- 
colored  stripe,  and  on  the  abdomen  a  dark -brown  line.  The 
front-wings  are  fawn-colored,  or  rich  brown,  clouded  and 
striped  with  two  broad  bands  of  lilac-gray;  the  hind-wings 
are  rose-colored  in  the  middle,  with  a  brownish  patch  at  the 
tips,  crossed  by  two  or  three  short  whitish  lines,  and  having 
near  the  inner  angle  a  black  spot  with  a  pale  blue  center. 
The  antennae  of  the  male  arc  pectinated  beneath.  The 
moths  measure  with  expanded  wings  about  three  inches 
across. 

This  and  some  other  closely  allied  mo£hs  have  very 
short,  scarcely  visible  tongues,  and  *their  fore-wings  are 
generally  scalloped  on  the  outer  edge.  When  at  rest,  the  an- 
terior portion  of  the  hind-wings  projects  beyond  the  (ront- 
wings,  and  the  abdomen  is  usually  turned  upwards.  In  this 
position  the  highly-colored  eye  spots  are  no  longer  visible, 
and  the  insect  resembles  very  closely  a  dead  leaf. 

This  insect  is  by  no  means  a  rare  one  in  Minnesota.  Its 
larva  is  found  on  the  apple  tree  and  also  on  the  plum  and 
wild  cherry,  but  it  preJers  the  smaller  oaks.  It  causes  but 
little  damage  to  our  fruit  trees.  The  caterpillars  are  not 
readily  seen,  as  they  assume  during  the  day  a  rigid  and 
sphinx-like  position,  but  they  make  their  presence  readily 
viiible  by  defoliating  whole  branches. 
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THE  PURBLIND  SPHINX. 

{Paonias  my  ops  S.  &  A.). 

This  is  another  moth  closely  allied  to  the  preceding  one. 
It  is  somewhat  smaller,  measuring,  when  the  wings  are  ex- 
panded, abotit  two  and  a  half  inches  across.  It  is  very 
handsome,  and  much  brighter  than  the  excaecatus  (Fig.  54, 
Plate  VIII).  It  has  a  chocolate-brown  head  and  thorai, 
with  a  purplish  tinge;  the  thorax  has  a  tawny-yellow  stripe 
down  the  middle;  the  abdomen  is  brown,  with  djull  yellow- 
ish spots.  The  fore-wings  are  chocolate-brown,  with  black 
bands  and  patches.  The  hind- wings  are  dull  yellow,  with 
the  outer  half  chocolate-brown;  an  eye-like  spot  is  found 
towards  the  inner  margin ;  it  is  black  with  a  large  pale  blue 
center.  When  at  rest  this  moth  is  also  thoroughly  well 
protected  by  its  position  and  color,  which  unite  to  give  it 
the  appearance  of  a  dead  leaf. 

The  caterpillar  of  this  moth  occurs  on  the  cherry  tree, 
but  is  uncommon.  Since  the  electric  lights  have  been  intro- 
duced the  moths  are  seen  more  frequently.  The  caterpillar 
is  found  during  August;  it  is  a  large,  cylindrical  green 
worm,  about  two  inches  long,  with  a  curved  horn  at  the 
end  of  the  body.  Its  head  is  bluish-green,  with  a  bright 
yellow  line  on  the  sides;  the  body  is  green,  with  a  row  of 
reddish-brown  spots  on  each  side  of  the  back,  and  another 
similar  row  down  near  the  breathing  pores.  Along  each  side 
there  are  six  oblique,  bright  yellow  bands,  and  two  short 
yellow  lines  on  the  anterior  segments.  The  hoi;n  is  green, 
tinted  with  yellow  at  the  sides.  When  full  grown  the'cater- 
pillar  enters  the  earth,  where  it  changes  to  a  dark  brown 
pupa,  which  remains  in  the  ground  until  the  following  Jtme 
or  July,  when  the  perfect  insect  escapes. 

The  caterpillar  is  not  common  enough  to  cause  great 
injury  to  cherry  trees,  and  as  it  can  be  readily  detected  by 
its  work  it  is  easily  kept  in  check. 
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THE  COMMON  DOUBLE-EYED  SPHINX. 

{Smerintbus geminatus  Say). 

This  is  one  of  the  most  common  species  of  hawk-motks 
found  in  Minnesota.  The  caterpillars  feed  upon  a  variety  of 
plants,  such  as  the  apple,  plum,  ash,  willow,  birch  and 
others. 

The  mature  caterpillar  is  about  two  and  a  fourth 
inches  long,  of  an  apple-green  color,  somewhat  lighter 
above,  with  pale  green  or  whitish  granulations  over  the 
surface.  Its  head  has  a  yellow  stripe  on  each  side,  and 
there  axe  seven  oblique  stripes  on  each  side  of  the  body,  of  a 
pale  yellow  color,  except  the  last  one,  which  is  bright  yel- 
low. There  is  also  a  stripe  on  the  side  of  the  forward  seg- 
ments. The  anal  shield  and  plates  are  granulated  and  of  a 
darker  green  than  the  rest  of  the  upper  surface,  but  of  the 
same  color  as  the  under  surface.  The  caudal  horn  is  slightly 
curved,  of  a  violet  color  and  granulated  (Femald).  It  is 
not  an  uncommon  occurrence  to  find  some  of  these  green 
worms  marked  with  a  series  of  bright  red  spots  along 
their  sides,  as  shown  in  Fig.  55,  Plate  XV. 

The  moth  (Fig.  56,  Plate  VIII),  which  expands  two  and 
a  half  inches,  has  a  pale  gray  head  and  thorax;  in  the  middle 
of  the  latter  is  a  rich,  darlc  brown  triangular  spot,  which  is 
rounded  in  front  and  widened  out  behind.  Both  abdomen 
and  under  side  of  body  are  brownish-gray.  The  gray  fore- 
wings  have  a  rosy  tint  in  some  examples ;  the  discal  spot  is 
whitish,  bordered  with  dark  brown,  and  a  dark  brown  line, 
edged  on  the  inside  with  white,  starts  from  the  basal  third 
of  the  costa  at  right  angles  with  it,  and  runs  about  half 
way  across  the  wing,  w^here  it  forms  nearly  a  right  angle, 
and  then  runs  across  to  the  hinder  margin.  The  lower  part 
of  this  line  is  wider,  and  shades  off  on  the  outer  side.  A 
broad,  dark-brown,  oblique  stripe  starts  at  this  line  and 
ends  at  a  narrow,  wavy,  pale  band,  which  crosses  the  outer 
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part  of  the  wing;  within  it  is  a  darker  band  with  a  still 
darker  straight  inner  edge.  Outside  of  the  pale  band  are 
several  indistinct  lines  crossing  the  wing,  a  dark  brown 
spot  just  inside  of  the  anal  angle  and  a  lunulate  spot  of  the 
same  color  edged  on  the  inside  with  white.  The  hind-wings 
are  rosy  red,  with  gray  costal  and  outer  borders.  There  is 
a  large  black  spot  with  two  blue  spots  on  it  near  the  anal 
angle,  and  connected  with  it  by  a  narrow,  black  stripe. 
Occasionally  a  third  blue  spot  appears,  but  sometimes  there 
is  but  a  single  one. 

The  globose  eggs  are  somewhat  flattened,  and  of  a  pale 
green  color. 

THE  WALNUT  SPHINX. 

{Cressonia  juglandis  S.  &  A.). 

This  is  still  another  Sphinx  closely  related  to  the  pre- 
ceding species,  but  quite  different  from  them,  as  it  lacks  the 
bright  eye-like  spot  upon  the  hind-wings.  The  moth,  which 
expands  two  and  a  half  to  three  inches,  is  uniformly  light 
brown  or  pale  lilac-gray  (Fig.  57,  Plate  VIII).  The  fore- 
wings  are  somewhat  clouded  with  brown  in  the  outer  part 
and  also  through  the  middle.  Near  the  outer  margin  are 
two  fine  parallel  lines,  about  a  tehth  of  an  inch  apart,  that 
cross  both  the  fore  and  hind-wings;  near  the  body  are  two 
similar  lines  which  cross  only  the  fore-wings  and  enclose  a 
square  dark-brown  spot  adjacent  to  the  middle  of  the  inner 
margin.  The  females  are  much  larger,  and  of  a  lighter 
brownish-gray  color  than  the  males,  with  the  square  spot 
on  the  fore-wings  less  distinct.  The  antennae  are  pectinated 
beneath  in  the  male. 

The  caterpillar  is  of  a  pale  brownish-green  color,  with  a 
long  caudal  horn.  It  has  a  small  head,  and  the  body  is  at- 
tenuated before  and  behind ;  there  is  a  row  of  §ub-dorsal 
and  stigmatal  reddish-brown  spots,  and  seven  oblique,  lat- 
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eral,  bright  yellow  bands,  When  disturbed  it  makes  a 
creaking  noise  by  rubbing  together  the  joints  of  the  fore- 
part of  the  body.  It  enters  the  earth  to  transform  into  a 
pupa. 

This  insect  is  very  uncommon  in  Minnesota,  but  has 
been  found  as  far  north  as  Duluth,  though  rione  of  its  food 
plants,  viz.,  walnut  and  hickory,  grow  in  that  region,  which 
indicates  that  its  Caterpillar  njust  also  be  able  to  subsist 
upon  other  food.  If  ever  it  should  become  numerous  in 
nurseries  and  wind-breaks,  or  wherever  walnuts  or  hickories 
are  grown,  it  can  readily  be  kept  in  check. 


FAMILY  SESIID^  OR  CLEAR-WI.NGED  MOTHS. 

There  is,  perhaps,  no  other  family  of  moths  so  well  sep- 
arated from  all  other  families  as  that  of  the  Sesiidae.  They 
are  all  small,  with  slender  bodies;  they  fly  only  by  day,  and 
frequently  in  the  brightest  sunshine.  Their  larvae  are  borers; 
the  caudal  horn  is  absent,  and  in  consequence  of  their  min- 
ing habits  their  colors  are  uniformly  yellowish-white,  and 
only  head  and  legs  are  darker.  Many  of  the  species  of 
moths  belonging  here  are  very  beautiful,  and  most  of  them 
are  remarkable  on  account  of  the  protective  mimicry  exhib- 
ite(J  by  them.  This  close  resemblance  to  insects  of  different 
orders  was  observed  long  before  the  significance  of  protect- 
ive mimicry  was  understood.  The  majority  of  the  Sesiidae 
m-mic  bees,  wasps  and  flies.  We  all  know  from  experience 
that  bees  and  wasps  can  advance  some  very  pointed  argu- 
ments to  be  left  alone,  and  any  other  insect  that  closely 
mimics  such  well  armed  warriors  is  very  apt  to  be  left  un- 
molested. This  mimicry  is  not  simply  a  superficial  one^ 
since  even  their  /notions,  if  captured  or  disturbed,  are  like 
those  of  the  insects  imitated.  Their  attitude  when  resting, 
the  sounds  they  produce,  their  hyaline  wings,  their  ringed 
body,  even  the  odor  they  give  off",  all  are  apt  to  warn  us  and 
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to  caution  us.    Yet  though  they  pretend  to  sting  they  lack 
the  necessary  organ  for  that  purpose. 

Their  larvae,  being  miners,  are  destructive  to  the  shriibs 

and  trees  they  infest.    Some    bore   through    solid  wood; 

others  prefer  the  pith  of  woody  stems;  others  are  found  just 

-  under  the  bark,  while  still  others  enter  the  roots  of  plants. 

THE  NATIVE  GURRANT-BORER. 

{Akathoe  caudatnm  H.  Edw.). 

Although  no  specimens  of  this  interesting  species  have 
been  captured,  their  work  has  been  noticed  several  times; 
the  larvae  of  it  infest  the  wild  species  of  currants. 

THE  RASPBERRY  ROOT-BORER. 

{Bembecina  marginata  Harr.). 

This  insect  resembles  a  wasp,  and  most  persons  would 
not  dare  to  touch  it  on  that  account.  Its  front-wings  are 
transparent,  veined  with  black  or 
brownish,  and  heavily  margined  with 
reddish-brown.  The  hind-wings  are 
also  transparent,  and  fringed  with 
dark-brown.  The  body  is  black, 
banded  and  marked  with  golden-yel- 
low. The  wings  measure  almost  an 
inch  if  expanded.  Fig.  58  shows 
both  sexes  of  this  insect.  Like  other 
clear-winged  moths,  the  insect  flies 
about  during  the  hottest  part  of 
the  day  in  early  summer,  and  the 
females  are  also  engaged  at  this 
time  in  depositing  their  eggs.  The 
young  larva  enters  the  cane,  inside  of  which  it  feeds  upon 
the  pith;    it  gradually  works  its  way  down  to  the  root, 


Pig.   58. — Bembeciaa    mar- 
gioata  Harr. — a,  male;  fe, 

female. 
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in  which  it  passes  the  winter;  here  it  eats  extensive  cavities. 
As  soon  as  the  warmer  weather  indicates  the  advent  of 
spring  the  worm  becomes  active  again  and  enters  another 
cane,  where  it  feeds  for  some  time.  When  full  grown  the 
worm  prepares  an  opening  for  exit,  as  the  moth  has  no 
mouth  to  do  so  and  would  otherwise  die  a  prisoner.  At 
this  time  the  larva  measures  about  an  inch  and  is  of  a  yel- 
lowish-white color  with  a  dark  brown  head  and  a  few  shin- 
ing dots  on  each  segment  of  the  body.  Near  the  place  of 
exit  the  larva  changes  to  a  pupa  and  when  the  time  arrives 
for  the  moth  to  escape  the  pupa  wriggles  itself  forward  by 
means  of  fine  spines  encircling  the  segments.  Soon  after  the 
moth  appears,  leaving  the  empty  shell  of  the  pupa  sticking 
out  of  the  cane. 

The  canes  in  ested  by  such  worms  invariably  die.  *  But 
little  can  be  done  to  prevent  the  damage  to  our  raspberry 
canes  as  the  worms  are  so  well  hidden,  and  the  only  method 
we  have  to  lessen  the  evil  is  to  remove  all  old  canes  and  all 
others  that  are  not  in  a  thrifty  condition. 

THE  GRAPE-VIME  ROOT-BORER. 

{Sciapteroa  poUstiformis  Harr.). 

This  fine  insect  is  much  larger  than  the  one  just  de- 
scribed, measuring  with  expanded  wings  fully  an  inch  and  a 
half  across.  It  is  very  uncommon  in  Minnesota,  and  but  a 
single  specimen  was  seen  in  1898  flying  about  the  wild 
grape-vines  on  Gray  Cloud  Island.  The  moth  resembles 
one  of  our  large  pa  per- wasps  (Polistes),  and  on  that  ac- 
count was  named  "Polistes-shaped."  The  sexes  vary,  the 
male  having  toothed  antennae,  while  those  of  the  female  are 
simple.  The  male  has  thorax  and  abdomen  darker  in  color, 
and  has  also  in  addition  to  the  short  pencils  of  orange  hairs 
on  the  lower  side  of  the  abdomen  two  longer  ones  above. 
There  is  a  bright  yellow  band  on  the  base  of  the  second 
abdominal  segment  and  usually  another  one  on  the  fourth, 
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but  this  is  sometimes  wanting.  The  fore-wings  are  brown- 
ish-black, with  a  more  or  less  distinct  clear  patch  at  the 
base;  the  hind-wings  are  transparent,  with  the  veins,  ter- 
minal border,  and  fringe,  brownish-black. 

The  insect;  is  much  more  common  in  the  Southern  States, 
where  it  is  sometifnes  very  destructive  to  the  wild  and  culti- 
vated grapes.  It  is  said  that  the  female  moth  deposits  her 
eggs  upon  the  collar  of  the  vine,  close  to  the  earth.  As  soon 
as  hatched  the  worm  enters  the  cane  and  descends  to  the 
roots,  where  it  consumes  the  bark  and  sap-wood,  eating  ir- 
regular furrows  in  their  substance;  sometimes  it  eats  the 
bark,  and  at  other  times  works  its  way  into  the  roots.  The 
mature  larva  is  of  a  yellowish- white  color,  with  darker 


Tig.  59. — Sciapteron  poHstiformis  Harr.,  larva,  cocoon,  male  and  female. 

head  and  legs,  and  measures  about  an  inch  and  a  half  in 
length.  It  now  forms  a  pod-like  cocoon  of  a  gummy  sort 
of  silk,  covered  with  little  bits  of  wood,  bark  and  earth, 
and  situated  within  or  adjacent  to  the  injure<J  root.  In  this 
cocoon  the  larva  changes  to  a  brown  pupa  which  works 
itself  out  of  it  by  means  of  minute  teeth  upon  the  margins 
of  the  segments,  as  soon  as  the  moth  within  is  ready  to 
emerge.    Fig.  59  shows  the  different  states  of  this  insect. 
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In  several  instances  the  roots  of  very  sn?all  plum  trees 
growing  in  a  nursery  were  destroyed  by  a  similar  larva 
which  had  to  live  outside  of  these  roots  as  these  were  quite 
small.  Considerable  damage  was  caused  by  the  worms, 
bat  as  none  could  be  kept  alive  in  confinement  it  is  impos- 
sible to  state  to  what  species  these  destructive  larvae  be- 
longed.   Infested  roots  are  shown  in  Fig.  60,  Plate  IX. 


THE  PEACH-TREE  BORER. 

(Sannina  exitiosa  Say). 

This^s  a  nbtorious  pest  and  very  destructive  to  peach 
orchards.  It  is  a  pity  that  it  is  not  found  in  i>ur  State,  as 
its  presence  would  indicate  that  we  possessed  a  clime  warm 
enough  to  successfully  grow  the  succulent  peach.  Still  some 
peach  trees  are  grown  and  succeed  in  Minnesota,  and  with 
proper  protection  it  is  by  no  means  impossible  to  grow  this 
fruit.  Perhaps  the  insect  mentioned  above  as  being  injuri- 
ous to  the  roots  of  plum-trees  is  this  very  species,  as  the 
peach-tree  borer  works  also  upon  the  plum.  In  fact,  as  this 
insect  is  a  native  one,  it  had  in  former  times  to  feed  upon 
something  else  than  the  peach-tree,  as  this  comes  from 
Persia. 

The  adult  insects  appear  in  the  Northern  States  and 
Canada  from  about  the  middle  of  July  to  the  end  of  August. 

.The  sexes  differ  very  much.  The  female  is  much  larger  than 
the  male,  with  a  broad  and  heavy  abdomen;  her  body  is  of 

•  a  glossy,  steel-blue  color  with  a  purplish  reflection,  and  a 
broad  band  of  orange-yellow  crosses  the  abdomen.  The 
fore-wings  are  opaque  and  similar  to  the  color  of  the  body; 
their  tips  and  fnnges  have  a  purplish  tint,  both  above  and 
beneath.  The  hind-wins:s  are  transparent  and  broadly  mar- 
gined with  steel-blue.  The  wings  expand  about  an  inch  and 
a  half  across.     The  smaller  male,  measuring  not  more  than 
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an  inch,  has  also  a  steel-blue  body  with  golden-yellow  mark- 
ings and  a  glossy,  silk- 
en lustre.  Its  body  is 
quite  slender;  the  black 
antennae  are  fringed  on 
their  inner  side  with 
numerous  fine,  short 
hairs,  which  are  absent 
in  the  female.  Head 
and  thorax  are  marked 
with  yellow,  and  the 
abdomen  has  two  slen- 
der yellow  bands  above 
and  a  ^white'line  on 
each  side  of  the  tuft  of 
hairs  at  its  tip.  The 
wings  are  transparent; 
the  veins,  margins  and 
fringe,  steel-blue,  and 
a  steel-blue  band  ex- 
tends nearly  across  them  beyond  the  middle.  The  feet  and 
legs  are  marked  with  white.  Both  sexes  are  illustrated 
in  Fig.  61;  ' 

The  female  deposits  her  eggs  on  the  bark  of  the  tree  at 
the  surface  of  the  ground.  The  yellowish  eggs,  with  finely 
sculptured  surfaces,  are  oval  and  slightly  flattened,  and  are 
glued  to  the  surface  of  the  bark  by  a  gummy  secretion. 

Prof.  Saunders,  in  his  excellent  book:  *  Insects  injurious 
to  fruit;'*  gives  a  number  of  remedies  against  this  pest,  and 
as  we  can  learn  some  lessons  from  them,  they  art  quoted: 

* '  Remedies.— Several  remedies  have  been  proposed  to  meet 
this  evil.  Where  the  larvae  are  present,  they  are  readily  de- 
tected in  consequence  of  the  exudation  of  gum;  hence  early  in 
spring  the  trees  should  be  carefully  examined,  a  little  of  the 
earth  removed  from  about  the  base,  and,  if  masses  of  gum 
are  found,  the  larvae  searched  for  and  destroyed.    Hot  water 


Fig.  61  .—Saaniaa  cxitiosa  Say.     Male  and 
female. 
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is  said  to  be  very  effectual  in  killing  them;  it  should  be  used 
very  hot,  and  after  the  earth  has  been  removed,  so  as  to  in- 
sure its  reaching  the  culprits  before  it  cools.  Among  the 
preventive  measures/  much  has  been  written  in  favor  of 
mounding  the  trees,  banking  the  earth  up  around  the  trunk 
to  the  height  of  a  foot  or  more,  and  pressing  it  firmly 
about  the  tree.  Some  allow  the  mounds  to  remain  perma- 
nently; but  the  better  plan  seems  to  be  to  mound  up  late  in 
the  spring  or  toward  midsummer,  and  level  off  the  ground 
again  in  September,  after  egg-laying  has  ceased  and  the 
moths  have  disappeared.  This  treatment  is  said  to  make 
the  bark  very  tender  and  liable  to  injury  during  the  winter, 
and  it  is  recommended  by  some  to  defer  its  application  until 
the  fourth  year,  by  which  time  the  bark  will  have  become 
sufficieatly  thickened  and  hardy  to  endure  the  treatment 
without  injury.  Placing  around  the  roots  a  bed  of  cinder^, 
ashes,  or  lime,  plastering  the  base  of  the  trunk  with  mortar 
'or  clay  and  covering  it  with  stout  paper,  coating  the  tree 
with  an  application  of  soap  or  tobacco  water,  have  all  had 
their  advocates;  but  the  weight  of  testimony  is  in  favor  of 
the  removal  of  the  larvae  with  the  knife  late  in  the  autumn 
or  early  in  the  spring,  and  subsequently  mounding  the  trees 
in  the  manner  already  described. 

"Another  remedy  proposed  is  to  cover  the  trunk  with 
straw  in  the  following  manner:  Scrape  the  earth  away 
firom  the  collar,  place  a  handful  of  straight  straw  erect 
around  the  trunk,  fastening  it  with  twine,  then  return  the 
soil,  which  will  keep  the  ends  of  the  straw  in  their  place. 
The  straw  should  entirely  cover  the  bark,  and  the  twine  be 
loosened  as  the  trunk  increases  in  size.  Trees  so  protected 
are  said  to  have  remained  uninjured  while  all  around  them 
have  suffered  firom  the  borer." 
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THE  CURRANT  BORER. 

{Sesia  tipulUormis  Linti.). 

This  insect  was  described  and  illustrated  in  the  first  an- 
nual report  of  the  entomologist,  but  to  have  all  the  descrip- 
tions of  lepidopterous  insects  injurious  to  our  fruit  trees 
together  in  one  volume,  it  is  repeated. 

The  currants  in  all  their  varieties,  as  well  as  the  different 
kinds  of  gooseberries,  have  no  greater  enemy  than  the  above 
borer.  The  damage  it  causes  is  so  much  greater  than  that 
inflicted  by  other  enemies  of  these  plants,  because  a  whole 
<iane,  even  a  whole  plant,  may  be  killed  by  a  single  borer^ 
nor  can  its  work  be  noticed  until  the  injury  has  been  done. 
Like  so  many  of  our  destructive  insects  it  was  introduced 
from  Europe  with  the  plants  that  it  destroys,  but  it  is  now 
more  injurious  here  than  in  its  origintd  home.  The  insect  is 
illustrated  in  Fig.  62,  Plate  IX,  where  its  work,  the  larva,  ^ 
empty  pupa  and  adult  are  shown.  A  glance  at  the  latter 
shows  that  it  is  a  beautiful  moth.  When  seen  in  June  upon 
the  bright  foliage  of  currants,  it  is  indeed  an  elegant  insect, 
in  whatever  position  it  may  be  observed.  It  shows  to  the 
greatest  advantage,  however,  when  making  love  to  its 
mate.  In  this  case  the  male  dances  about  very  gracefally, 
rapidly  opening  the  fan-like  feathers  at  the  end  of  the  ab- 
domen; and  as  the  whole  insect  is  clothed  in  glossy  scales  it 
reflects  all  the  prismatic  colors.  The  adult  insect,  as  seen  in 
the  illustration,  is  quite  diflerent  from  ordinary  moths,  hav- 
ing its  wings  but  partly  covered  with  scales,  the  uncolored 
parts  being  glassy,  hence  the  reason  why  such  moths  are 
frequently  called  "glassy  wings. *'  Such  moths  resemble  flies 
and  wasps,  and  are  frequently  mistaken  for  such;  in  fact 
they  sometimes  mimic  such  stinging  insects  so  effectually 
that  even  a  well  trained  entomologist  has  some  scruples 
about  capturing  them  with  his  hand.  Some  of  these  moths 
carry  this  resemblance  so  far  as  to  even  threaten  to  sting, 
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thongh  not  possessing  an  organ  to  execute  the  threat.  This 
carrant- borer  does  not  possess  a  tapering  body  and  its  pos- 
terior end  is  ornamented  ?Yith  a  fan-like  covering  of  scales. 
The  wings  have  black  markings  with  purplish  reflections; 
the  body  is  ringed  with  yellow,  the  thorax  is  also  orna- 
mented with  yeHow  lines.  The  female,  though  resembling 
the  male  very  closely,  is  not  so  active;  she  has  other  and 
more  serious  business  on  hand  than  dancing,  since  sh^  has 
to  deposit  her  numerous  and  rapidly  developing  eggs.  For 
this  purpose  she  selects  canes  at  least  one  year  old.  The 
beautiful  egg,  possessing  the  usual  form  of  eggs  of  lepidopt- 
erous  borers,  is  fastened  most  frequently  in  the  angle  made 
by  the  leaf  and  the  cane.  Other  eggs  are  laid  below  the 
loose  scales  found  upon  the  canes  and  in  the  cracks  of  bark. 
These  eggs  soon  hatch,  and  the  young  caterpillar  or  borer 
eats  its  way  into  the  interior  of  the  cane,  penetrating  to  its 
very  pith.  Here,  apparently  well  protected  against  all 
enemies,  the  caterpillar  has  a  congenial  home  surrounded 
with  plenty  of  food,  and  soon  a  long  tunnel,  sometimes 
several  feet  in  length,  shows  that  the  appetite  of  this  recluse 
does  not  suffer  by  its  isolation.  We  never  find  more  than 
one  caterpillar  in  each  burrow,  showing  that  the  females 
have  been  very  carefal  in  exploring  the  cane  before  entrust- 
ing it  with  an  egg.  The  caterpillars  grow  but  slowly,  and 
at  the  approach  of  winter  are  not  much  more  than  half 
grown.  They  now  prepare  for  the  cold  season  by  retiring 
as  deeply  in  their  tunnels  as  these  will  permit,  and  surround- 
ed by  frass  and  chewed  up  fibres  of  the  pith  and  wood,  they 
are  well  protected. 

The  larva  possesses  the  usual  form  of  caterpillars  of  this 
family  of  moths.  It  is  of  a  yellowish  color,  with  a  brown 
head,  as  shown  in  the  illustration  which  also  shows  the 
piliferous  spots  and  hairs. 

When  the  warmth  of  the  sun  in  spring  starts  vegetation, 
and  soon  after  the  flowers  of  the  currants  open,  the  hiber- 
nating larva  also  feels  imbued  with  new  life  and  energy,  and 
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rapidly  grows  to  its  full  size,  being  after  the  long  enforced 
fast  much  more  voracious  than  during  the  previous  season. 
This  great  appetite  is  soon  felt  by.  the  plants;  many  canes 
with  flowers  and  partly  expanded  foliage  show  by  their 
small  leaves  and  their  yellowish  appearaqce  that  they  are 
suffering  from  the  insidious  enemy  in  their-  interior.  Most 
of  the  canes  attacked  soon  die,  or  are  broken  down  by  the 
first  .wind  or  heavy  rain.  The  larger  ones  may  remain  alive 
for  another  year;  but  are  certain  to  die  later,  as  a  hole 
through  which  the  winged  borer  has  issued  permits  the  en- 
trance of  rain  and  this  moisture,  in  combination  with  para- 
sitic or  other  fungi,  soon  starts  decay,  as  may  be  seen  by 
the  black  interior  of  such  tunnels. 

The  larva,  when  full  grown,  prepares  for  pupation  by 
first  eating  a  hole  through  the  cane  so,  as  to  permit  the  fu- 
ture moth  to  escape.  If  this  were  not  done  the  moth,  which 
has  no  mouth,  or  at  least  only  a  rudimentary  one  and 
which  is  consequently  unable  to  eat  its  way  out  of  the  cane,^ 
could  not  leave  at  all.  After  providing  for  such  an  exit, 
this  hole  is  slightly  closed  from  within  with  bits  of  wood, 
and  the  larva  changes  to  a  chrysalis  or  pupa,  as  is  shown 
in  the  illustration. 

The  pupa  is  of  a  light  brown  color.  In  the  illustration 
an  empty  one  is  shown  projecting  from  the  hole  or  exit  pre- 
pared by  the  caterpillar.  The  peculiar  spines  enabling  it  to 
move  are  also  shown.  The  two  long  processes  seen  in  the 
illustration  are  simply  the  sheaths  in  which  the  long  antennae 
were  hidden ;  before  the  moth  issued,  these  were  soldered  to 
the  sides  of  the  pupa  and  were  not  more  prominent  than  the 
encased  wings  and  legs. 

Towards  the  end  of  May  or  during  June,  according  to 
the  climatic  conditions  prevailing  at  the  time,  the  pupa 
forces  its  way  partly  out  of  the  tunnel  of  the  cane  and 
pushes  away  the  plug  closing  the  exit.  This  movement  is 
made  possible  by  the  rows  of  spines  found  upon  the  abdom- 
inal segments.    The  pupa  is  now  partly  outside  of  the  cane 
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and  is  held  in  position  by  its  posterior  portion.  It  now 
splits  open  in  the  usual  manner  upon  its  back  and  the 
winged  moth  appears. 

To  this  account  of  the  lile-history  of  this  injurious  borer 
may  be  added  that  no  parasites  have  as  yet  been  discovered 
in  Minnesota.  Yet  several  times  a  silken  cocoon  was  found 
in  a  tunnel  which,  apparently,,  had  been  r^ecently  inhabited 
by  a  borer.  The  small  wasp  issuing  from  this  cocoon  is  dis- 
tinguished by  blackish  wings,  black  body,  and  bright  red 
abdomen;  it  is  a  species  of  Bracon.  In  some  cases  mites 
were  found  upon  the  dead  caterpillars  inside  the  burrow, 
but  whether  these  had  l^illed  the  caterpillar,  or  had  simply 
come  to  feast  upon  its  dead  body,  is  impossible  to  say, 
though  most  likely  the  former  was  the  case. 

Remedies. — ^An  insect  so  well  bidden  as  this  borer  can 
not  be  reached  by  any  poison ;  and  our  only  hope  is  to  pre- 
vent it  from  entering  at  all.  This  seems  to  be  very  feasible, 
as  the  egg  is  deposited  upon  the  cane  or  pushed  beneath 
loose  bark,  which  is  frequently  the  case  with  borers  belonging 
to  the  order  of  beetles.  When  the  youngcurrant-borer  leaves 
the  tgg  it  has  to  come  in  contact  with  the  bark  through 
which  it  has  to  eat  its  way.  If,  therefore,  the  bark  could  be 
poisoned,  we  should  have  a  sure  remedy ;  but  when  it  comes 
to  a  practical  application  of  this  spraying,  it  will  be  found 
that  currant  bushes  are  rather  difficult  to  spray  so  thor- 
oughly as  to  coat  the  canes  in  a  uniform  manner  with  the 
poison.  The  writer  has  tried  repeatedly  to  coat  the  canes 
with  arsenical  poisoxis  before  the  foliage  had  appeared. 
There  was  no  diflSculty  in  doing  so,  but  it  was  found  later 
that  the  plants  sprayed  in  this  manner  contained  just  as 
many  borers  as  those  not  sprayed.  This  is  owing  to  the 
fact  that  at  the  period  when  this  spraying  can  be  done,  we 
usually  have  the  most  frequent  rains.  There  is,  however, 
another  remedy  which  is  easily  applied  and  which,  if  care- 
fully carried  out,  will  eradicate  this  insect  from  our  gardens. 
Canes  that  harbor  the  borer  can  alwavs  be  detected  and  if 
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found  should  be  pruned  below  the  lowest  part  of  the  tunnel. 
The  canes  that  have  been  cutoff  should  be  taken  away  from 
the  garden  and  burned  as  soon  as  dry,  or  if  such  pruning  is 
done  late  in  the  spring  the  canes  should  be  covered  up  with 
soil,  so  as  to  prevent  the  moths  from  leaving.  In  no  case 
should  they  be  left  on  the  ground,  because  cutting  them  oflF 
irom  the  plant  does  not  kill  the  borer.  The  pruning  is  also 
otherwise  of  benefit  to  the  currants  which  are  usually  per- 
mitted to  gro  AT  too  much  wood  and  become  too  old  for  the 
benefit  of  good  crops  of  berries. 

Some  varieties  of  Currants  and  gooseberries  are  stated 
to  be  free  from  borers.  If  such  is  the  case  the  writer  has  not 
seen  them.  It  has  also  been  claimed  that  black  currants  are 
not  to  the  taste  of  such  borers,  but  those  under  observation 
not  only  did  not  escape  the  ravages  of  this  pest,  but  were 
even  preierred  to  the  red  and  white  currants  that  grew  in 
their  immediate  vicinity. 

ROOT  AND  STEM  BORER  OF  BLACKBERRY  AND  RASPBERR  /. 

( Sesia  bemizonae  H .  Ed  w . ) . 

It  is  doubtful  whether  this  insect  occurs  in  Minnesota, 
although  a  broken  specimen  of  it  was  received  from  a 
nursery.  The  larva  is  a  pale  worm  with  darker  head  and 
legs,  and  feeds  in  the  roots  or  base  of  the  canes  ol  the  culti- 
vated blackberry'  and  raspberry,  invariably  killing  the  canes 
infested,  or  the  entire  plant.  The  worms  feed  only  on  the 
pith,  and  thus  cause  a  wilting  of  the  cane.  The  canes  in- 
fested should  be  cut  out  and  burned.  The  moth  possesses 
golden-brown  fore-wings,  and  as  all  the  borders  are  wide, 
only  a  small  transparent  space  is  left;  the  discal  mark  is 
purple-black,  orange  behind,  with  golden  reflections ;  hind- 
wings  with  golden  margins ;  fringes  of  both  wings  golden- 
brown;  head  black,  with  a  few  shining  blue  scales  in  front; 
thorax  with  collar,  tegulae  and  base  lemon-yellow;  abdomen 
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ringed  with  lemon-yellow;  caudal  tuft  deep  lemon-yellow, 
with  .  a  black  centre ;  palpi,  fore-coxae  and  tibiae  lemon-yel- 
low, the  latter  banded  with  brown. 

Neglected  plants,  or  plants  infested  with  other  insects 
or  diseases,  are  more  apt  to  harbor  this  and  allied  borers 
than  plants  which  receive  the  proper  attention. 

\ 

THE  PLITM  TREE  BORER. 

{Sesia  pictipes  G.  &  R.). 

This  insect  is  by  no  means  uncommon,  and  seems  to  be 
increasing  in  numbers  as  our  plum  trees  grow  older  and  be- 
come more  numerous.  The 
sexes  of  pictipes  are  similar 
and  so  closely  resemble  the 
male  exitiosa  that  one  may 
be  readily  mistaken  for  the 
other.  The  male  is  shown 
in  Fig.  63. 

The  larva  of  this  borer 
feeds  mainly  in  the  trunks 
and  branches  of  both  culti- 
vated and  wild  plums  and 
in  wild  black  and  red  cherries.  The  pruning  knife  is  the 
best  remedy  we  have  against  this  insect. 

FAMILY  AGARISTID^  OR  WOOD  NYMPH  MOTHS. 

The  moths  belonging  to  this  family  are  mostly  beautiful 
insects,  being  either  black,  with  large,  white,  yellow  or  red 
spots  and  patches  upon  their  wings,  or  they  have  their 
front-wings  white,  margined  with  brown,  and  the  hind^ 
wings  pale  yellow.  But  few  species  are  found,  which  fly 
chiefly  during  the  day,  but  some  of  them  are  also  attracted 
to  the  electric  light. 


Pig.  63.— 5m/«  pictipes  G.  &  R.     Male. 


Digitized  by  VjOOQIC 


120  WOOD-NYMPH  MOTHS, 

We  have  in  Minnesota  a  number  of  such  moths,  which 
are  decidedly  destructive  in  their  early  stages  to  our  grape- 
vines, much  more  so  than  most  other  kinds  of  insects.  In 
some  years  nearly  the  entire  foliage  of  cultivated  and  wild 
grapes  and  of  the  Virginia  creepers  is  devoured  by  them  in 
the  course  of  a  few  days. 

THE  EIGHT-SPOTTED  FORESTER. 

{Alypia  octomaca/ata  Hbn.). 

This  is  a  most  beautiful  moth,  which  flies  about  in  the 
bright  sunlight,  displaying  its  brilliant  colors  upon  the 
leaves  of  grape-vines  which  contrast  strongly  with  the 
black,  white,  red  and  yellow  colors  of  the  moth.  It  never 
hides,  but  always  displays  its  colors.  This  is  evidently  done 
as  a  protection,  as  these  colors  are  warning  colors,  which 
tell  birds  and  other  lovers  of  insects  as  food  that  the  moth 
showing  them  is  not  good  to  eat.  The  ground-color  of  this 
fine  moth  is  a  deep  blue-^black;  two  large  pale-yellow  spots 
are  found  on  each  of  the  front-wings,  and  two  white  spots 
on  each  of  the  hind-wings,  the  one  nearer  the  base  being 
much  the  largest.  The  shoulder-covers  are  yellow,  and  the 
legs  partly  orange.  The  sexes  differ  somewhat,  the  male 
having  proportionately  larger  and  more  conspicuous  spots, 
and  possesses  also  a  white  mark  along  the  tip  of  the  ab- 
domen. The  wings,  when  expanded,  measure  from  an  inch 
to  an  inch  and  a  half  across. 

The  caterpillar  is  of  a  light  brownish  color,  with  many 
black  lines  and  an  orange  band  across  each  segment.  It  is 
distinguished  from  other  similar  larvae  by  having  eight 
black  and  white  lines  on  each  segment.  The  caterpillars 
have  a  peculiar  bluish  appearance  which  is  owing  to  the 
blending  of  the  two  colors.  The  head  and  the  shield  on  the 
first  segment  are  a  shiny,  bright,  deep-orange  color,  marked 
with  black  dots;  there  is  a  prominent  transverse  orange- 
red  band,  faint  on  segments  two  and  three,  conspicuous  on 
four  and  eleven,  and  uniform  in  the  middle  of  each  of  the 
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Other  segments.  In  the  middle  segments  of  the  body  each 
orange  band  contains  eight  black  conical  elevated  tubercles, 
from  each  of  which  grows  a  white  hair.  A  lateral  white 
wavy  band,  obsolete  on  the  thoracic  segments,  but  very 
conspicuous  on  the  tenth  and  eleventh,  is  a  very  character- 
istic feature  of  this  caterpillar.  The  very  young  worms  are 
whitish,  with  brown  transverse  lines;  they  feed  beneath  the 
leaves,  and  can  let  themselves  down  by  a  silken  thread ;  the 
iull  grown  larvae  also  often  conceal  themselves  within  a 
folded  leaf.  The  larva  becomes  nearly  an  inch  and  a  half  in 
length;  when'full  grown  it  bores  into  any  soft,  rotten,  or  even 
almost  soundjwood,  and  if  such  material  should  be  lacking 
it  transforms  to  a  pupa  within  a  very  slight  cocoon  formed 
without  silk  upon  or  just  below  the  surface  of  the  earth. 
With  us  this  species  is  single  brooded  and  passes  the  winter 
in  the  pupal  stage. 

This  insect  occurs  frequently  in  such  numbers  upon  the 
beautiful  Virginia  creepers  adorning  verandas  that  not  a 

leaf  is  left,  and  the  plant  be- 
comes just  the  opposite  from 
what  it  was  intended  to  be. 
This  happens  frequently  in 
our  larger  cities,  and  of  course 
should  not  bethecase.  As  the 
caterpillars  feed  more  or  less 
exposed  they  can  easily  be 
seen  and  destroyed  by  the  use 
of  Paris-green  or  London-pur- 
ple. If  people  object  to  the 
use  of  these  poisons  they 
should  use  a  spray  composed  of  two  ounces  of  pyrethrum 
to  a  gallon  of  water.  If  used  as  long  as  the  caterpillars  are 
still  young  all  injuries  to  the  ornamental  plants  and  the 
grape-vines  can  be  prevented. 

This  beautiful  moth  is  illustrated  in  Figs.  64,  65  and  70 
on  Plates  X  and  XI,  and  also  in  Fig.  66. 


Pig  66.— A/jrp/«  octomacalata  Hbn.: 
a.  caterpillar;  />,  one  scffment  of  the 
tame  c,  adnlt.   »Aftcr  Riley. 


Digitized  by  VjOOQIC 


122  WOOD-NYMPH  MOTHS. 

THE  GRAPE-VINE  EPIMENIS. 

{Psjrcbomorpha  epimenis  Drury). 

There  is  another  bluish  caterpillar  found  feeding  upon 
the  foliage  of  the  grape-vine,  but  it  is  very  uncommon  in  our 
State.  It  is  much  smaller  than  the  one  described  above.  It 
transforms  into  a  most  strikingly  marked  moth,  of  a  deep, 
velvety-black  color,  with  a  broad  irregularly  lunate  white 
patch  across  the  outer  third  of  the  front  wings,  and  a  some- 
what larger  more  regular  patch  of  orange-red  or  brick-red 
on  the  hind-wings.  The  under  side  is  similarly  marked,  bu^ 
that  of  the  front-wings  is  less  velvety,  with  two  additional 
white  spots  inside  near  the  costa,  the  outer  one  generally, 

and  sometimes  both  of 
them,  connected  with  a 
broad  white  patch.  The  sur- 
face of  the  wings  is  sprinkled 
with  brilliant  purple  scales, 
which  form  a  narrow  band 
near  the  outer  margin  of 
each,  and  appear  more  or 
less  distinctly  on  the  basal 

Pi«r.  67.— PsjcAomor&lia  ep/men/j  Drnry:       half    of      the      frOUt  -  winSfS. 
a.  larva;  6,  one  scjerment  of  the  same;  ^  ° 

and  male  moth.  After  Riley.  fhe  antennae  of  the  female 

are  thread-like,  with  alternate  black  and  white  scales;  those 
of  the  male  are  broadly  toothed  on  two  sides.  The  moth  is 
shown  in  Fig.  67;  also  in  Fig.  70,  Plate  X. 

The  young  larva  attacks  the  terminal  buds  of  the  vine 
in  spring,  and  by  fastening  the  young  leaves  together  by  a 
few  silken  threads  it  forms  a  little  enclosure.  Early  in  June, 
when  it  is  full  grown,  it  bores  into  soft  wood  or  any  other 
suitable  material,  and  there  changes  to  a  reddish-brown 
pupa,  about  four- tenths  of  an  inch  long,  roughened  on  the 
joints,  and  having  a  curious  flattened  horny  projection  on 
each  side  of  the  tip.  The  insect  winters  over  in  the  pupal 
state. 


8 
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THE  BEAUTIFUL  WOOD-NYMPH. 

{Eudrjras grata  Fab.). 

The  larva  of  this  beautifiil  moth  is  almost  as  destructive 
to  the  foliage  of  the  grape  as  the  Eight-spotted  Forester, 
but  it  is  not  found  in  such  destructive  numbers  year  after 
year  as  the  latter  insect.  The  moth  has  milk-white  front- 
wings,  broadly  bordered  and  marked  with  brownish-purple. 
The  band  on  the  outer  margin  is  shaded  on  the  inner  side 
with  olive-green  and  marked  towards  the  edge  with  a 
slender,  wavy  white  line.  The  brownish-purple  band  is  con- 
tinued along  the  hinder  edges,  but  gradually  becomes  nar- 
rower, and  terminates  near  the  base.  There  are  two 
brownish  spots  near  the  middle  o^"  the  front- wing,  one 
round,  the  other  kidney-shaped;  they  are  frequently  so 
densely  covered  with  white  scales  as  to  be  indistinct  above, 
but  they  are  always  visible  on  the  under  surface.  The  under 
surface  of  the  wings  is  reddish-yellow.  The  head  is  black, 
and  there  is  a  wide  black  stripe  down  the  back,  merging  in- 
to a  series  of  black  spots  extending  to  near  the  tip  of  the 
abdomen,  which  is  tu/ted  with  white.  The  shoulder-covers 
are  white,  and  the  sides  of  the  body  deep  j'ellow,  with  a  row 
of  black  dots  along  each  side  close  to  the  under  surface. 

The  moth,  which  is  active  at  night,  and  sometimes  at- 
tracted to  the  electric  lights  in  large  numbers,  is  often  dis- 
covered during  the  day  upon  the  surface  of  the  leaves  of  its 
food-plants.  (See  Fig.  65,  Plate  X).  Its  closed  wings  form 
a  steep  roof  over  its  back,  and  its  forelegs,  which  have  a 
curious  muff-like  tuft  of  white  hairs,  are  protruded  and  give 
the  insect  a  very  peculiar  appearance.  Looking  at  it  from 
a  short  distance  the  insect  resembles  very  closely  the  fresh 
and  still  semi-fluid  droppings  of  a  bird.  The  moth  evidently 
depends  upon  this  resemblance,  which  is  sometimes  unpleas- 
antly realistic,  as  a  protection  against  birds. 
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There  are  hardly  two  moths  more  unlike  in  general  ap- 
pearance than  the  beautiful  Wood-nymph  and  the  Eight- 
spotted  Forester,  and  yet 
their  caterpillars  bear 
such  a  close  resemblance 
to  each  other  that  they 
are  not  readily  distin- 
guished from  each  other, 
especially  as  they  fre- 
quently feed  side  by  side 
upon  the  same  grape- 
vine. Generally  how- 
ever, the  caterpillar  of 
grata  appears  a  little 
later  in  the  season.  It  is 
shown  in  Fig.  68,  Plate 
XII. 


Fig.  68.— Bud/yas  grata  Fab,;  «,  larva;  b, 
one  teg^ent  of  same;  e  and  A  cfsj^s,  greatly 
enlarged;  anp  adult.    After  Riley. 


The  eggs  are  deposited  upon  the  under  side  of  the  leaf, 
singly  or  in  groups.  The  fall  grown  caterpillars  measure 
about  an  inch  and  a  half  in  length;  their  bodies  taper 
towards  the  head,  becoming  thicker  near  the  posterior  end. 
The  head  of  the  caterpillar  is  dull  orange,  with  black  dots; 
the  body  is  pale  bluish,  crossed  by  orange  and  black  lines 
which  are  arranged  as  shown  in  the  illustration,  Fig.  69. 
Each  segment,  with  the  exception  of  the  head  and  the  last 
one,  is  crossed  b3'  a  brick  or  orange-colored  band  of  uniform 
width,  excepting  the  one  on  the  twelfth  segment,  which  is 
broader;  on  the  last  segment  we  find  two  such  bands.  All 
these  bands  contain  black  dots,  from  which  a  simple  short 
brown  hair  arises.  Each  segment  is  crossed  by  six  black 
lines;  the  breathing-pores  are  oval  and  black.  Besides  the 
grape-vine  the  caterpillars  feed  also  upon  the  Virginia 
creeper,  and  occasionally  upon  the  hop.  They  are  most 
numerous  late  in  summer,  and  do  not  web  together  leaves 
for  shelter,  but  hide  on  their  under  side.  When  at  rest, 
the  caterpillar  depresses  the  head  and  raises  the  anterior 
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part  of  the  body,  and  in  this  manner  assumes  the  position 
of  a  Sphinx  caterpillar. 

When  mature  the  caterpillar  descends  to  the  ground,  and 
transforms  to  a  dark-brown^ and  rough  pupa,  about  seven- 
tenths  of  an  inch  long,  with  an  obtusely  conical  tip  of  the 
abdomen,  ending  in  four  tubercles.  In  captivity  it  readily 
enters  pieces  of  soft  wood,  or  of  cork,  in  which  it  forms  a 
cell  for  the  purpose  of  pupation;  by  uniting  with  a  sticky 
secretion  bits  of  wood  and  cork  it  forms  a  cap  or  lid  over  the 
cell. 

Like  the  Eight-spotted  Forester  this  insect  is  kept  in 
check  by  parasites,  but  chiefly  by  Tachina  flies,  which  de- 
posit their  cream-white  eggs  upon  the  back  of  the  caterpil- 
lar, usually  close  behind  its  head. 

THE  PEARL    WOOD-NYMPH. 

{Eudryas  unio  Hub.). 

The  moth  (Fig.  69  and  70,  Plate  X)  of  this  equally  pretty 
insect  is  a  little  smaller  than  grata,  measuring'  with  ex- 
panded wings  about  one  inch  and 
three-eighths;  it  differs  but  slightly 
from  its  larger  relative.  The  brown- 
ish-pur pie  stripe  on  the  front  mar- 
gin extends  farther  along  the  wing; 
Piff.  69.— Hodrras  un/o  Hnb.;      the  borderinfif  of  the  outcr  marcfin 

Adnlt.    After  Rilev.  .  °  .-  . 

IS  paler  and  more  uniform  m 
width;  the  inner  edge  is  wavy  instead  of  straight,  and  the 
bordering  of  the  hind  margin  is  wider  and  more  distinct. 

The  larva  is  nearly  an  inch  and  a  quarter  long.  It  has 
an  orange-colored  head,  spotted  with  black;  its  body  is 
banded  with  orange,  white  and  black,  most  segments  hav- 
ing three  white  and  three  black  lines  on  each  side  of  the  cen- 
tral orange  band.  The  pupa  is  reddish-brown,  roughened 
on  the  back  with  very  minute  teeth;  a  thick  and  blunt  spine 
occurs  on  each  side  of  the  tip  of  the  abdomen. 
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This  insect  is  not  seen  very  often  on  our  grape-vines,  but 
as  this  moth  has  been  frequently  seen  near  the  electric  light 
it  must  be  rather  common.  The  caterpillars  are  not  so 
particular  about  their  food  as  the  other  closely  allied  species 
and  they  have  also  been  found  feeding  upon  such  plants  as 
Epilobitttn  and  Hibiscus, 

The  four  species  of  Wpod-Nymphs  are  also  shown  in  Fig. 
70,  Plate  X. 

FAMILY  PYROMORPHID^  OR  SMOKY  MOTHS. 

But  few  moths  belonging  to  this  family  are  fotuid  in  the 
United  States.  The  moths  are  small,  chiefly  of  a  smoky- 
black  color,  although  some  are  marked  with  brighter  colors. 

THE  AMERICAN  PROCRIS. 

(Harrisima  americana  Harr.). 

The  writer  has  never  found  in  Minnesota  the  caterpil- 
lars of  this  insect,  which  is  quite  destructive  to  the  foliage 
of  the  grape-vine  in  other  states,  but  as  he  has  repeatedly 
captured  the  moths  there  is  no  doubt  that  the  insect  is  an 
inhabitant  of  our  state. 

The  eggs,  twenty  or  more  of  which  were  deposited  to- 
gether, are  fastened  to  the  under  side  of  the  leaves. 

The  caterpillars  of  the  Procris  do  not  scatter  after  leav- 
ing the  eggs,  as  all  the  insects  described  before,  but  lead  a 
social  life,  feeding  side  by  side  on  the  under  side  of  a  leaf, 
their  heads  all  directed  towards  the  margin  of  the  same. 
These  little  worms,  in  black  and  yellow  uniforms,  eat  at  first 
onl}^  the  soft  tissues  of  the  foliage,  leaving  the  fine  net-work 
of  veins  untouched;  but  as  they  grow  older  and  stronger  all 
but  the  large  veins  are  eaten.  The  caterpillars  reach  their 
full  size  in  August,  and  measure  now  about  six-tenths  of  an 
inch.  They  are  at  that  age  of  a  yellow  color,  slightly  hairy, 
with  a  transverse  row  of  rather  large  spots  on.  each  seg- 
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ment.  As  soon  as  the  caterpillars  are  mature  they  disperse, 
each  one  searching  for  and  retiring  to  som^  sheltered  spot, 
in  which  they  construct  a  tough .  and  oblong-oval  cocoon, 
inside  of  which  they  change  in  the  course  of  three  or  four 
days  to  a  shining  brown  pupa,  about  three-tenths  of  an  inch 
long.  Further  south  two  or  even  three  generations  are  pro- 
duced during  a  year,  but  whether  the  insect  is  single  or 
double  brooded  in  Minnesota  is  not  known. 


\ 


"^^   A 


;-^ 


Fig.  71  — HarrisitttA  americAaa  Harr.;  a.  caterpillar;  b,  pnpa;  c,  cocoon;  d  and  e. 
moths;  above,  a  colony  of  caterpillars.    After  Riley. 

The  little  moth  is  of  a  bluish  or  greenish-black  color;  it 
is  ornamented  with  a  deep  orange-colored  collar,  and  a 
notched  tuft  at  the  end  of  the  long  body.  The  moth  has 
very  narrow  wings,  which  expand  nearly  an  inch  across, 
and  flies  during  the  warmest  hours  of  the  day,  when  it  fre- 
quents flowers.    Its  flight  is  rather  peculiar,  and  is  quite 
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slow  and  unsteady.  Wherever  this  insect  occurs  in  large 
numbers  it  becomes  quite  injurious,  but  as  it  leads  a  social 
life  in  its  caterpillar-state  it  can  readily  be  destroyed  by  the 
use  of  arsenical  poisons.  Fig.  71  shows  the  different  states 
of  this  insect;  the  moth  is  also  shown  in  Fig.  72,  Plate  IX. 

FAMILY  ZYGJESIDJB  OR  ZYGJEiilDS. 

But  few  species  of  these  moths  occurin  the  United  States, 
and  none  are  destructive  to  fruit  trees.  They  are  distin- 
guished from  the  allied  families  by  the  structure  of  the  hind- 
wings,  which  are  in  some  cases  greatly  reduced  in  size,  as 
shown  in  the  illustration  of  the  Scepsis  fulvicollis  Hbn.  (Fig. 
72,  Plate  IX),  a  black  moth  with  fulvous  color,  frequently 
seen  on  the  flowers  of  the  golden-rods.  A  larger  species,  the 
Ctenucba  virginica  Charp.  is  shown  on  the  same  Plate  in 
Fig.  72. 

FAMILY  LITHOSUD^  OR  FOOTMAN  MOTHS. 

This  family  includes  small  moths  with  rather  slender 
bodies,  filiform  antennae,  and  usually  narrow  fore-wings  and 
broad  hind-wings.  They  are  closely  allied  to  the  next  family. 
Usually  they  are  of  sombre  colors,  though  some  are  rather 
highly  colored.  Their  larvae  are  cylindrical,  covered  with 
short  and  stiff*  hairs,  and  most  of  them  feed  upon  lichens. 
None  are  destructive,  but  to  give  an  idea  of  their  general 
appearance  one  of  the  most  common  species,  the  Striped 
Footman  (jff jpoprep/a/iicosa  Hbn.)  is  shown  in  Fig.  72 
on  Plate  IX.  It  is  of  a  deep  scarlet  color,  with  three  broad 
and  lead-colored  stripes  on  the  fore-wings  not  shown  in  the 
photograph. 

FAMILY  ARCTUD^  OR  WOOLY  BEARS. 

The  Arctiids,  also  called  Wooly  Bears  and  Tiger-moths, 
are  stout-bodied  moths,  with  moderately  broad  wings, 
which  are  usually  spotted  or  striped.    Some  of  them  are 
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very  gaily  colored,  others  are  pure  white.  When  at  rest  they 
usually  fold  their  yings  roof-like  upon  the  body.  Most  of 
them  are  nocturnal  and  are  attracted  to  lights.  Their  larvae 
are  mostly  clothed  with  dense  clusters  of  hairs,  and  are 
usually  very  general  feeders,  preferring  herbaceous  plants, 
though  some  are  destructive  to  the  foliage  of  trees. 


THE  BLUE-SPANGLED  CATERPILLARS. 

{Callimorpba  LecoDtei  Boisd,  and  falvicosta  Clem.). 

There  are  some  slender  bodied  Arctiids  that  possess  fine 
or  bristle-like  antennae,  which  are  not  distinctly  feathered  in 
either  sex ;  their  tongues  are  also  quite  long.  They  belong 
to  the  genus  Callimorpba  (meaning  beautiful  form).  In  the 
Eastern  and  Southern  States  these  caterpillars  occur  more 
commonly  upon  the  peach;  here  in  Minnesota  they  have  been 
found  upon  the  apple,  but  chiefly  upon  the  blackberries. 
They  are  black  worms,  covered  with  short  stiff"  hairs,  and 
studded  with  peculiar  blue  spots,  which  have  given  them  the 
above  name.  They  spend  the  winter  in  some  sheltered  spots, 
as  under  loose  bark,  etc.,  but  as  soon  as  the  leaves  expand 
in  spring,  they  forsake  these  shelters  and  commence  to  feed. 
As  they  grow  rapidly  they  soon  reach  their  full  size,  and 
now  measure  about  one  inch  in  length.  They  are  of  a  vel- 
vety-black color  above,  and  pale  bluish,  speckled  with  black, 
below.  A  deep  orange  line  extends  along  the  back,  and  a 
still  more  distinct  wavy  or  broken  one  along  each  side. 
The  body  is  covered  with  many  steel-blue  warts,  with  a 
polished  and  quite  brilliant  surface;  from  each  issues  a  short 
and  bristly  hair.  As  soon  as  full  grown  the  caterpillar 
selects  a  sheltered  spot,  and  here  spins  a  slight  and  white 
silken  cocoon.  The  pupa  is  purplish-brown,  finely  punctated, 
and  terminates  in  aflat  plate  tipped  with  yellowish-brown 
and  curled  bristles. 
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The  moth  flies  during  the  day  in  June.  It  is  by  no  means 
very  uncommon,  and  delights  to  fly  about  the  edges  of 
forests,  or  wherever  the  ground  is  overgrown  with  black- 
berries and  similar  plants.  We  have  at  least  two  species  of 
this  interesting  moth;  the  Lecontei  varmilitaris  Harr.,  hav- 
ing the  fore- wings  ornamented  with  broad  black  markings, 
and  the  /iilvicosta Clem.,  where  the  cream-colored  fore-wings 


Pig.  73..— C«///inorpliA /if /WcoAt A  Clem.;  a,  caterpillar;  6,  motb;  c  and  d.ucgmcntu 
of  body  of  larva.    After  Riley. 


possess  a  fulvous  border.  Yellow  markings  are  also  found 
on  the  head,  collar,  and  base  and  tip  of  the  abdomen.  Fig. 
73  shows  the  larva  and  adult;  Fig.  74,  Plate  XII,  shows  the 
same  insect  and  also  two  forms  of  C.  contigua  Walk. 

These  caterpillars  have  been  known  to  cause  consider- 
able damage  to  the  young  foliage  of  the  peach  tree  and  to 
the  young  leaves  of  the  blackberries.  They  are  easily  shaken 
into  sheets,  and  even  into  inverted  umbrellas,  because  they 
drop  to  the  ground  as  soon  as  the  plants  upon  which  they 
are  feeding  are  jarred.  In  extreme  cases  the  arsenical  pois- 
ons should  be  used. 

A  number  of  other  Arctiids  or  "Wooly  Bears''  arc  injur- 
ious to  cultivated  fruit  trees  and  our  smaller  fruits.  Gener- 
ally, however,  their  caterpillars  consume  all  kinds  of  low- 
growing  plants  and  only  exceptionally  prove  destructive  to 
taller  shrubs  and  trees. 
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THE  ISABELLA  TIGER-MOTH. 

(Pjrrrbarctia  Isabella  S.  &  A.). 

This  is  the  well-known  caterpillar  frequently  called  the 
"Hedge-Hog,"  from  the  habit  of  rolling  itself  into  a  ball 
when  alarmed  (Fig.  75).  It  has  a  thick  coat  of  fur,  com- 
posed of  stiff  hairs,  which  point  in  all  directions.  The  hairs 
are  black  on  each  end  of  the  body  of  the  caterpillar,  but  red- 
dish on  the  middle.  As  all  the  hairs  are  pretty  evenly  and 
closely  shorn  thfey  give  the  caterpillar  a  velvety  appearance, 


Pig.  75.~~PyrrbMrctia  isBbeJIa.  S.  &  A.;  «,  caterpillar;  b,  pupa  in  cocoon; 
c,  moth.    After  Riley. 

and  as  they  are  also  very  elastic,  it  is  not  easy  to  pick  up 
the  curled  larva,  which  generally  manages  to  slip  away. 
Its  favorite  food  is  plantain,  clover,  dandelions,  grasses  and 
many  other  plants.  It  winters  over  in  some  sheltered  spot, 
rolled  up  like  a  hedge-hog.  In  most  cases  it  finds  shelter 
below  loose  bark,  under  pieces  of  bark  resting  on  the  ground, 
and  is  found  in  large  numbers  under  wooden  sidewalks.  It  is 
difficult  to  understand  that  an  insect  thus  slightly  protected 
should  be  able  to  withstand  some  of  our  very  cold  winters, 
and  that  the  fluids  found  in  its  body  are  not  frozen  solid. 
Early  in  the  spring  the  caterpillar  makes  up  for  the  long 
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enforced  rest,  and  feeding  upon  the  first  green  vegetation, 
finally  spins  a  cocoon,  which  is  principally  composed  of  the 
barbed  hairs  of  the  caterpillar  itself,  interwoven  with  coarse 
silk.  The  pupa  is  brown,  with  tufts  of  golden  bristles,  and 
with  a  tuft  at  the  extremity.  Prof  Comstock  makes  the 
following  interesting  remarks  about  this  insect  in  his 
**Manual  for  the  Study  of  Insects":  'Hurrying  along  like 
a  caterpillar  in  the  fall*  is  a  common  saying  among 
country  people  in  New  England,  and  probably  had  its 
origin  in  observations  made  upon  the  larva  of  the  Isa- 
bella Tiger-moth.  This  is  the  evenly  clipped,  furry  cater- 
pillfir,  reddish-brown  in  the  middle  and  black  at  either 
end,  which  is  seen  so  commonly  in  the  autumn  or  early 
spring.  Its  evident  haste  to  get  somewhere,  in  the  autumn, 
is  almost  painful  to  witness.  A  nervous  anxiety  is  apparent 
in  every  undulating  movement  of  its  body ;  and  frequently 
its  shining  black  head  is  raised  high  in  the  air,  and  moved 
from  side  to  side,  while  it  gets  its  bearings.  Occasionally 
after  such  an  observation  it  evidently  finds  it  is  mistaken, 
and  turns  sharply  and  hastens  along  faster  than  ever  in 
another  direction." 

The  moth,  which  is  also  shown  in  Fig.  76,  Plate  XI,  is 
of  a  dull  orange  ccilor,  with  the  front-wings  variegated  with 
dusky,  and  spotted  with  black.  The  hind- wings  are  lighter 
colored,  and  also  marked  with  black  spots;  they  vary  some- 
what in  the  sexes.  The  body  has  also  the  same  general 
color  of  the  wings;  on  the  middle  of  the  back  of  the  abdomen 
is  a  row  of  about  six  black  dots,  and  on  each  side  of  the 
body  occurs  a  similar  low  of  dots. 

This  caterpillar  becomes  sometimes  destructive  to  the 
cuttings  of  apple-trees,  etc.,  in  our  nurseries;  blackberry  and 
raspberry  canes  are  also  sometimes  destroyed,  as  the  larvae 
eat  the  tips  of  the  young  shoots.  They  are  readily  poisoned 
an  1  thus  kept  in  check. 

These  "Hedge-Hog"  caterpillars,  although  always  com- 
mon, are  sometimes  exceedingly  so,  while  at  other  times  but 
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few  can  be  found.  Their  absence  in  the  usual  numbers  is 
caused  by  the  fact  that  very  many  of  them  are  killed  by 
a  disease.  Caterpillars  attacked  by  the  Muscnrdine  are 
stiffly  fastened  to  their  food-plants,  and  are  covered  with  a 
white  effloresence;  this  latter  is  not  very  apparent  at  the 
base  of  the  dense  hairs,  hence  such  diseased  or  dead  cater- 
pillars look  for  a  long  time  quite  life-like. 

THE  LARGE  YELLOW  BEAR. 

{Leacarctia  acrsea  Drury). 

These  large  and  wooly  caterpillars  are  sometimes  quite 
numerous  in  our  gardens  and  orchards.  Usually  they  feed 
upon  grasses  and  other  low  growing  plants,  but  they  are 
not  slow  to  eat  also  the  leaves  of  young  fruit  trees  and  of 
the  small  fruit.  Both  sexes  of  th^  moth  are  shown  in  Fig. 
77,  Plate  XI. 

THE  COMMON  YELLOW  BEAR. 

{Spilosoma  virginica  Fab.). 

This  is  one  of  our  most  common  hairy  caterpillars,  and 
whoever  has  a  garden  must  have  met  with  this  troublesome 
insect,  which  devours  alike  flowers,  vegetables  and  fruit. 
With  us  it  seems  to  be  very  partial  to  the  leaves  of  the  grape- 
vine, apple,  currant  and  gooseberry,  though  nearly  all  other 
plants  are  eaten  when  pressed  by  hunger,  and  the  insect  is 
sometimes  very  destructive  to  com,  beans  and  peas.  It  is 
found  irom  June  to  late  in  September.  When  young  the 
caterpillars  are  bluish-white,  but  when  full  grown  they  may 
be  found  of  a  pale  cream  color,  yellow,  light-brown  or  very 
dark-brown,  the  different  colors  often  appearing  in  a  brood 
hatched  from  one  batch  of  eggs.  Yellow  is,  however,  the 
'most  common  color,  and  in  all  the  different  color-varieties 
the  under  side  is  dark,  with  a  longitudinal  black  line,  more 
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or  less  interrupted,  along  each  side  of  the  body,  and  a  trans- 
verse line  of  the  same  color  between  each  of  the  joints. 
Head  and  feet  are  ochre-yellow;  the  hairs  spring  from  dark 
yellow  warts,  of  which  there  are  ten  on  each  joint;  those  on 
joint  one  being  scarcely  visible,  and  those  on  joint  twelve 
coalescing.  We  have  two  annual  broods  in  Minnesota,  the 
last  passing  the  winter  in  the  pupal  state.  The  pupa  is  pro- 
tected by  a  slight  cocoon,  made  almost  entirely  of  the  cater- 
pillar's hair;  these  are  chiefly  held  or  felted  together  by  the 
interlockingof  their  minute  barbs,  and  the  whole  is  strength- 
ened by  a  few  silken  threads. 

The  bright-colored  eggs,  which  are  round  and  yellow, 
are  deposited  on  the  under  side  of  leaves  in  large  clusters, 
and  hatch  into  small  hairy  caterpillars,  which  feed  together 
for  a  short  time,  but  gradually  scatter.  As  long  as  young 
they  devour  only  the  under  side  of  the  leaf,  but  the  cor- 
responding upper  surface  of  it  soon  turns  yellow  and 
withers. 

The  moth,  which  is  very  generally  called  "The  Miller," 
frequently  flies  into  our  rooms  at  night.  It  is  easily  recog- 
nized by  its  pure  white  color,  by  having  the  abdomen 
orange-colored  above,  with  three  rows  of  black  spots;  the 
wiijigs  possess  also  a  few  black  dots,  varying  in  number, 
there  being  usually  two  on  each  side  of  the  fore  and  three  on 
each  of  the  hind- wings,  though  sometimes  all  the  wings  are 
almost  immaculate,  except  one  spot  on  the  disk  of  the  fore- 
wings.  The  antennae  are  white  above,  dark  brown  below; 
head  and  thorax  are  white. 

The  best  time  to  destroy  these  troubksome  caterpillars 
is  soon  after  they  hatch,  and  when  they  are  still  feeding  side 
by  side.  By  making  the  worms  drop  into  a  vessel  contain- 
ing some  kerosene  oil,  we  can  kill  them  quickly,  and  as  they 
curl  up  and  drop  when  touched  even  very  lightly  the  work 
is  rapidly  performed.  Of  course  if  they  are  very  numerous 
we  have  to  use  one  of  the  arsenical  poisons. 

It  is  very  fortunate  that  this  species  is  subject  to  the 
attack  of  a  number  of  parasites,  which  kill  immense  num- 
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bers  of  them.  Without  the  assistance  of  these  beneficial 
insects  the  caterpillars  would  multiply'  to  such  a  degree  as 
to  be  soon  beyond  our  control.  This  species  is  illustrated  in 
Fig.  78. 


Pig.  JS.^Spilosoma  virgiaka  Pab.:  a,  caterpillar;  6,  pupa;  c,  adult.    After  Riley. 
THE  FALL  WEB-WORM. 

{Hypbantria  cunea  Drury). 

This  is  getting  to  be  a  very  destructive  insect  in  Minne- 
sota, which  at  present  seems  to  be  confined  to  plum-trees. 
Both  the  wild  and  cultivated  varieties  are  infested,  and 
toward  the  middle  of  August  they  are  disfigured  by  large 
nests  made  by  colonies  of  these  caterpillars.  When  we  in- 
vestigate these  bulky  nests,  which  show  no  regularity  of 
construction  like  those  of  the  tent-caterpillars,  we  find  them 
composed  of  numerous  smaller  nests,  of  which  the  older  ones 
are  more  or  less  filled  with  excrement,  old  skins,  and  the 
white  head-plates  of  the  caterpillars.  Sometimes  we  find  in 
them  also  the  egg-shaped  cocoons  of  hymenopterous  para- 
sites. The  caterpillars  are  not  as  social  in  their  habits  as 
those  of  the  tent-caterpillars,  and  they  do  not  come  and  go 
to  their  nest  in  regular  armies,  but  rather  protect  themselves 
when  feeding  by  simply  building  a  shelter  over  their  food. 
Fig.  79,  on  Plate  XXII,  shows  one  of  these  nests. 


Digitized  by  VjOOQIC 


J 


136 


WOOLY  BEARS. 


The  moths  of  this  species  of  insects  varj-  greatly,  both 
in  size  and  markings,  and  they  have  in  consequence  of  such 
variation  received  many  scientific  names,  such  as  cunea, 
textor,  punctata  and  punctatissimay  but  there  is  no  doubt 
that  all  these  names  belong  to  one  species,  as  has  been 
proven  by  the  frequent  breeding  of  these  insects  in  confine- 
ment. The  moth  is  of  a  milk-white  color,  and  in  Minnesota 
without  spots.  The  antennae  are  gray;  those  of  the  male, 
doubly  feathered  below,  those  of  the  females  with  two  rows 
of  minute  teeth  only.  The  front  thighs  are  tawny-yellow; 
the  feet  blackish-brown.  When  the  wings  are  expanded 
they  measure  about  one  and  a  quarter  inches  across.  Fig. 
80  shows  the  variations  of  markings  in  the  wings. 


Fig.  80. — Hypbaatria  cunea  Dmry;  ten  variationa  in  the  markingrs  of  winf^. 
From  Div.  of  Entomology,  Dep.  of  Agricultnrc. 

The  moths,  which  are  only  active  at  night,  deposit  their 
eggs  in  a  cluster  on  a  leaf,  sometimes  upon  the  upper,  some- 
times on  the  lower  side,  usually  near  the  end  of  a  branch 

(Fig.  81).  Each  cluster 
consists  of  a  great  number 
of  eggs,  which  are  deposited 
close  together  and  in  regu- 
lar rows  whenever  the'sur- 
face  selected  permits  this. 
Fi«.8i.-H:rph«nfri«co«e«6^ry7-.mothO«  ^u  avcragc  cach  clustcr 

depositing  eggs:  fc,  egg».     From  Div.  of  •    x  r   ^^pr    fmir    hitti- 

Bntomology.  Dep.  ofAgricnlture.  COnSlStS    OI    0\er    lOUr    nun- 
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dred  eggs.  A$  the  female  deposits  also  eggs  in  smaller  and 
less  regular  patches,  we  may  say  that  five  hundred  eggs 
can  be  considered  the  real  number  produced  by  a  single  fe- 
male. The  eggs,  measuring  0.4  mm,,  are  of  a  bright  golden- 
yellow  color,  quite  globular,  and  ornamented  by  numerous 
regular  pits,  which  give  them  under  a  magnifying  lens  the 
appearance  of  a  beautiful  golden  thimble.  Before  the  eggs 
hatch  they  change  to  a  dull  leaden  hue.'  In  the  course  of 
about  ten  days  in  cool  weather,  but  much  sooner  when 
warm,  these  eggs  hatch.  Without  check  the  offspring  of  one 
female  moth  might  in  a  single  season  number  125,000  cater- 
pillars in  early  autumn,  enough  to  ruin  the  shade  trees  of 
many  a  fine  street.  This  is  reported  from  the  fifth  report 
U.  S.  Entomological  Commission,  but  holds  good  only  in 
regions  where  the  insect  is  double  brooded.  Here,  appar- 
ently, only  one  annual  generation  is  found. 

The  caterpillars  just  bom  are  pale  yellow,  with  two 
rows  of  black  marks  along  the  body,  a  black  head  and  with 
quite  sparse  hairs.  When  full  grown  they  generally  appear 
pale-yellowish  or  greenish,  with  a  broad,  dusky  stripe 
along  the  sides ;  they  are  covered  with  whitish  hairs,  which 
spring  from  black  and  orange-yellow  warts.  The  cater- 
pillar is,  however,  very  variable,  both  as  to  depth  of  color- 
ing and  as  to  markings,  as  is  shown  in  Fig.  81. 

Close  observations  have  failed  to  show  that  different 
food  produces  changes  in  the  coloration ;  in  fact  nearly  all 
the  vg^rious  color  varieties  may  be  found  upon  the  same 
tree.  The  fall  generation  is.  however,  on  the  whole,  darker, 
with  browner  hairs  than  the  spring  generation. 

As  soon  as  the  young  caterpillars  hatch  they  immediate- 
ly go  to  work  to  spin  a  small  silken  web  for  themselves, 
which  by  their  united  efforts  soon  grows  large  enough  to  be 
noticed  upon  the  trees.  Under  this  protecting  shelter  they 
feed  in  company,  at  first  devouring  only  the  green  upper 
portions  of  the  leaf,  and  leaving  the  veins  and  lower  skin 
unmolested.    As  thej'  increase  in  size  they  enlarge  their  web 
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bj  connecting  it  with  the  adjoining  leaves  and  twigs ;  thus 
as  they  gradually  work  downwards  their  web  becomes 
bulky,  and  as  it  is  filled  with  brown  and  skeletonized  leaves 
and  other  discolored  matter,  as  well  as  with  their  own  old 
skins,  it  becomes  quite  an  unpleasant  feature  in  our  public 
thoroughfares,  parks  and  orchards.  The  Caterpillars  always 
feed  protected  by  these  webs ;  but  as  soon  as  they  approach 
maturity,  which  reqiiires  about  a  month,  they  commence  to 
scatter,  searching  for  suitable  places  in  which  to  spin  their 
cocoons.  If  very  numerous  upon  the  same  tree  the  food 
supply  gives  out,  and  they  are  forced  by  hunger  to  leave 
their  sheltering  homes  before  the  usual  time.  When  the 
young  caterpillars  are  forced  to  leave  their  webs  they  do 
not  drop  suddenly  to  the  ground/ but  suspend  themselves 


Pig.  S'2.—HyphMatria  cunea  Drtiry;  a,  b,  c,  differently  marked  cat^pillars; 
cf,  e,  pupae;  f,  moth.    Prom  Div.  of  Bntomology,  Dep.  of  Agricnlture. 


by  a  fine  silken  thread,  by  means  of  which  they  easily  re- 
cover the  tree.  Grown  caterpillars,  which  measure  1.11 
inches  in  length,  do  not  spin  such  a  thread.  Both  old  and 
young  ones  drop  themselves  to  the  gfround  without  spin- 
ning when  disturbed  or  sorely  pressed  by  hunger.  Favorite 
recesses  selected  for  pupation  are  the  crevices  in  bark  and 
similar  shelters  above  ground;  in  some  cases  even  the  empty 
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cocoons  of  other  moths.  Fig.  82  shows  different  colored 
caterpillars,  pupa  and  adult. 

Passing  the  winter  in  the  pupa  state,  the  coco6ns  are 
found  during  the  winter  principally  at  the  surface .  of  the 
ground,  mixed  with  dirt  and  rubbish,  or  in  cracks  and  cre- 
vices of  tree-boxes,  in  fences  and  under  door-steps  and  base- 
ment walls.  The  first  moths  issue  from  these  cocoons  in 
May,  and  deposit  their  eggs  in  flat  batches  on  the  underside 
of  the  leaves.  The  young  worms  feed  preferably  in  company, 
webbing  first  one  and  then  several  leaves  together  and 
gradually  extending  their  sphere  of  action  until  a  large  part 
of  the  tree  becomes  involved.  The  worms  become  full  grown 
in  August. 

Rembdibs:— Trees  sufiering  frotn  the  attacks  of  this  pest 
should  be  sprayed  with  London-purple  or  Paris-green.  This 
will  not  be  as  efiective  as  for  most  other  insects,  because  the 
worms  are  protected  by  a  web,  which  enclpses  the  leaves 
they  are  feeding  upon  at  the  time,  but  as  fresh  leaves  are 
constantly  enclosed  by  the  sheltering  web  the  worms  soon 
have  to  feed  upon  the  poisoned  ones  and  will  be  killed.  If 
the  branches  are  within  reach  the  quickest  method  is  to 
draw  the  branch  through  thehand  and  thus  crush  the  worms 
and  destroy  their  nest.  If  the  branches  carrying  the  web 
are  still  small,  they  may  be  cut  off  and  thrown  on  the  bare 
ground  at  a  distance  from  the  trees,  or  the  worms  may  be 
crushed  by  stepping  upon  them.  A  good  plan  to  destroy 
those  nests,  which  are  beyond  reach  of  the  hand,  is  to  bum 
them  with  a  torch  of  rags  soaked  with  kerosene.  It  is  even 
possible  to  destroy  the  majority  of  the  worms  in  such  a  web 
by  blowing  them  into  space  with  a  light  charge  of  powder 
in  a  shot-gun.  But  whatever  remedy  is  employed,  it  ought 
to  be  employed  as  soon  as  the  nests  become  visible. 
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HICKORY  TUSSOCK  MOTH. 

{Halesidota  catyn  Harr.). 

Late  in  summer  and  all  through  the  autumn,  until  late 
in  September  or  until  the  leaves  commence  to  drop,  we  find 
upon  the  hickory,  apple,  and  other  fruit  trees  and  shrubs 
such  as  raspberries,  etc.,  numerous  caterpillars  which  are 
covered  with  short  spreading  tufts  of  white  hairs,  with  a 
row  of  eight  black  tufts  on  the  back  and  two  long,  slender 
black  pencils  on  the  fourth  and  on  the  tenth  segments.  The 
tufts  along  the  top  of  the  back  converge  on  each  side,  form- 
ing a  kind  of  ridge  or  crest;  the  warts  from  which  these  tufts 
proceed  are  oblong-oval  and  transverse,  while  the  other 
warts  on  the  body  are  round.  The  hairs  on  the  fore  part  of 
the  body  are  much  longer  than  the  rest,  and  hang  over  the 
head;  the  others  are  short  as  if  sheared  off,  and  spreading. 
The  head,  feet  and  under  side  of  the  body  are  black;  the  up- 
per side  of  the  body  is  white,  sprinkled  with  black  dots  and 
with  black  transverse  lines  between  the  rings.  These  beau- 
tiful caterpillars  are  gregarious  as  long  as  young,  but  scat- 
ter later.  When  at  rest  they  bend  down  the  head  and  bring 
over  it  the  long  hairs  on  the  fore  part  of  the  body;  if  dis- 
turbed they  immediately  roll  up  like  a  hedge-hog,  and  drop 
to  the  ground.  The  full  grown  caterpillars  measure  nearly 
one  inch  and  a  half  in  length.  At  this  time  they  leave  the 
trees,  and  move  about  in  search  of  suitable  shelters  in  which 
to  make  tkeir  oval  and  thin  cocoons,  almost  entirelj'  com- 
posed of  their  own  felted  hair.  The  pupa  is  short,  thick  and 
rather  blunt. 

The  winged  insects  appear  during  June,  and  are  some- 
times found  in  very  large  numbers  upon  the  early  flowers  of 
our  milk-weeds.  The  moths  are  of  a  light  ochre-yellow 
color,  varying  greatly  in  intensity;  the  rather  narrow  fore- 
wings  are  long  and  pointed,  and  are  thickly  and  finely 
sprinkled  with  little  brown  dots,  and  have  two  oblique 
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brownish  streaks  passing  backwards  from  the  front  edge, 
with  three  rows  of  yellowish-white,  semi-transparent  spots 
parallel  to  the  outer  margin.  The  hind- wings  are  very  thin, 
transparent  and  without  spots;  the  shoulder-covers  are 
edged  with  light  brown.  The  moths  expand  from  one  inch 
and  seven-eighths  to  two  inches  and  a  quarter  and  more.  At 
rest  the  lanngs  are  roofed;  the  antennae  are  long,  with  a 
double,  narrow,  feathery  edging  in  the  males,  and  a  double 
row  of  short,  slender  teeth  o^  the  under  side  in  the  females. 
These  antennae  are  rather  longer  than  usual  in  Arctiids,  and 
are  not  at  all  Ifairy.    The  tongue  is  a  short  spiral. 

Another  species  of  closely  allied  tussock  moths  is  some- 
times found  feeding  upon  the  foliage  of  plums;  the  more  us- 
ual food  is,  however,  the  scarlet-oak.  This  moth  is  called 
Halesidota  muculate  Harr.,  or  the  Spotted  Tussock  moth. 
It  is  of  a  light  ochre-yellow  color,  with  smaller  and  almost 
white  spots  arranged  in  about  the  same  manner  as  the  yel- 
lish-white  spots  in  catyse.  The  moth  is  a  little  smaller  than 
the  species  described  before.  All  three  moths  are  shown  on 
Plate  XXI,  Figs.  84  and  85. 


THE  CHECKERED  TUSSOCK-MOTH. 

{Halesidota  tesselata  S.  &  A.). 

The  caterpillar  of  this  species  is  even  more  common, 
being  found  not  alone  upon  the  oak,  but  also  upon  plums, 
apples,  raspberries  and  blackberries.  In  general  appearance 
it  is  like  carjrse,  but  the 'tufts  are  yellow,  and  the  crest  is  a 
little  darker;  on  the  second  and  third  segments  are  two 
orange-colored  pencils,  which  are  stretched  oyer  the  head 
when  the  insect  is  at  rest,  and  before  these  are  several  long 
tufts  of  white  hairs;  on  each  side  of  the  third  segment  is  a 
white  pencil,  and  there  are  two  pencils  of  the  same  color 
directed  backwards,  on  the  eleventh  segment.  The  body  is 
ydlowish-white,  with  dusky  warts,  and  the  head  is  brown- 
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ish-ycllow.  They  transform  in  similar  hiding  places  to  papec 
which  winter  over.  Fig.  83,  Plate  XXI,  shows  one  of  these 
caterpillars. 

The  moths  are  mttch  paler  than  those  of  caryse  and 
maculata,  being  only  faintly  tinged  with  ochre-yellow.  Their 
long,  narrow,  delicate  and  semi-transparent  wings  lie  almost 
flat  on  the  top  of  the  back ;  the  fore- wings  are  checkered 
with  darker  ochre-yellow  dtisky  spots  arranged  so  as  to 
form  five  irregular  transverse  l^ands.  The  hind  edge  of  the 
collar,  and  the  inner  edges  of  the  shoulder-covers  are  green- 
ish-blue, and  between  the  latter  are  two  short'  narrow  deep- 
yellow  stripes ;  the  upper  side  of  the  abdomen  and  of  the 
legs  are  deep  ochre- yellow.  The  wings  of  this  moth  expand 
about  two  inches. 


FAMILY  JAVARWJB  OR  TRUE  TUSSOCK-MOTHS. 

Tussock-moths  are  of  medium  size;  the  antennae  of  both 
sexes,  when  winged,  are  pectinated,  those  of  the  males  very 
broadly  so ;  the  wingless  females  have  serrate  or  narrowly 
pectinate  antennae.  The  adult  moths  are  usually  very  plain' 
in  coloration;  the  legs  are  clothed  with  wooly  hairs,  and 
when  the  insect  is  at  rest  the  fore-legs  are  always  stretched 
forwards  and  are  very  conspicuous.  In  some  the  females 
are  practically  wingless,  the  wings  being  at  most  mere  use- 
less pads.  Most  are  nocturnal,  though  the  males  of  some  fly 
during  the  day.  The  larvae  are  the  most  beautiful  of  our 
caterpillars,  being  clothed  with  brightly  colored  tufls  of 
hairs. 

THE  WHITE-MARKED  TUSSOCK-MOTH. 

( Orgyia  leucostigma  S .  &  A . ) . 

This  caterpillar  looks  quite  different  from  those  of  the 
other  Tussock-moths  described  before.  It  is  not  a  common 
insect  in  Minnesota,  but  is  rapidly  increasing  in  numbers. 
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At  present  it  is  almost  entirdy  confined  to  our  cities,  where 
the  caterpillars  feed  upon  the  foliage  of  such  shade^trees  as  , 
the  soft  maples,  poplars,  and  cotton- wood.  It  is  not  unusual 
to  find  fastened  to  the  trunks  of  such  trees  grayish  cocoons, 
to  which  are  usually  fastened  a  mass  of  glistening  white 
eggs.  These  latter  attract  the  attention  of  the  passer-by, 
who  would  not  be  apt  to  detect  as  readily  the  grajrish  • 
cocoons  of  the  males.  Where  these  caterpillars  have  found  a 
home  in  our  orchards,  the  cocoons  can  also  be  detected  late 
in  autumn,  or  after  the  leaves  have  fallen,  by  investigating 
the  dead  leaves  still  fastened  here  and  there  to  the  branches 
of  the  trees;  these  almost  invariably  contain  cocoons  of 
such  insects. 

The  eggs,  which  are  deposited  upon  the  outside  of  the 
cocoon,  simply  because  the  wingless  female  finds  this  the 
nearest  and  best  place  for  this  purpose,  are  found  to  be 
arranged  in  three  or  four  layers;  they  are  covered  with  a 
firothy  mass  that  serves  to  protect  them.  From  300  to  500 
eggs  are  found  together;  each  egg  is  of  a  white  color,  nearly 
globular,  and  flattened  on  the  upper  surface.  The  eggs 
remain  in  this  condition  over  winter,  and  hatch  about  the 
middle  of  May,  when  the  young  caterpillars  immediately  pro- 
ceed to  ascend  to  the  foliage  of  the  tree  upon  which  they 
were  bom.  These  caterpillars  are  frequently  called  "Drop- 
worms,"  because  they  have  the  habit,  when  disturbed,  of 
letting  themselves  down  by  a  silken  thread,  remaining  sus- 
pended until  the  danger  is  past,  when  they  cHmb  up  again 
'*hand  over  hand"  to  reach  the  leaf 

There  are  few  caterpillars  that  are  as  handsome  as  this 
one,  in  spite  of  what  may  be  said  about  worms  never  being 
beautiful.  They  are  more  than  an  inch  long,  of  a  bright 
yellow  color,  with  the  head  and  two  small  protuberances  on 
the  hinder  part  of  the  back  of  a  brilliant  coral -red.  Along 
the  back  we  see  iour  cream-colored  brush-like  tufts,  two  long 
black  plumes,  on  the  anterior  part  of  the  body,  and  one  on 
the  posterior.  The  sides  are  clothed  with  long  and  fine  hairs. 
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A  narrow  black  or  brown  stripe  extends  along  the  back,  and 
a  wider  dusky  stripe  on  each  side.  The  peculiar  cup-like, 
coral-red  protuberance  already  mentioned  are  scent-organs 
used  by  the  caterpillars  to  drive  off  enemies ;  they  are  used  in 
a  similar  way  as  the  whip-like  organs  found  in  the  caterpil- 
lars of  the  «wallow-tailed  butterflies  described  before.  As 
soon  as  the  caterpillars  reach  their  full  size  they  descend  to 
the  trunk,  or  move  to  tree-boxes  or  fences,  to  find  shelters  in 
which  to  spin  their  cocoons,  which  are  loosely  made  of  silk 
and  their  own  hair.  It  is  a  strange  fact  that  the  female 
caterpillar  sheds  her  skin  once  more  than  the  male.  In 
Minnesota  we  have  but  one  annual  brood,  at  least  in  St. 
Paul  and  Minneapolis;  further  south  two  broods  are  the  rule. 

The  brownish  pupse  of  the  two  sexes  differ  very  consid- 
erably, the  male  being  much  smaller  than  the'  female;  both 
are  covered  with  short  hairs. 

The  moths  differ  still  more,  the  male  being  winged, 
with  very  broad  and  feather-like  antennae,  while  the 
female  is  wingless,  possessing  slender  antennae.  The  fe- 
male is  simply  provided  with  the  merest  rudiments  of 
wings,  which  are  perfectly  useless;  her  body  is  of  a  light- 
gray  color,  oblong'Oval,  with  long  legs,  and  is  greatly 
distended  with  eggs.  After  leaving  the  pupal  shell  she 
does  not  leave  the  outside  of  the  cocoon,  but  patiently 
awaits  the  male,  when,  after  pairing,  she  commences  to 
deposit  her  eggs  in  the  manner  already  described;  during 
this  process  her  body  shrinks  more  and  more,  and  finally 
she  drops  down  to  the  ground  and  dies  as  soon  as  her  work 
is  finished.  The  male  moth  is  of  an  ashen-gray  color;  the 
fore- wings  are  crossed  by  wavy  bands  of  a  darker  shade. 
There  is  a  small  black  spot  on  the  outer  edge  near  the  tip, 
an  oblique  blackish  stripe  beyond  it,  and  a  minute  very 
characteristic  white  crescent  near  the  outer  hind  angle.  The 
gra;'^  body  has  a  small  black  tuft  near  the  base  of  the 
abdomen.  The  wings,  when  expanded,  measure  about  an 
inch  and  a  quarter  across. 
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The  males  of  some  species  of  this  genus  of  moths  are 
diurnal  in  their  habits,  or  fly  swiftly  during  the  brightest 
part  of  the  day.  Not  so  with  leucostigma.  Here  the  male 
rests  during  the  day,  and  assumes  a  very  characteristic  pos- 
ition, as  shown  in  the  illustration,  Fig.  87  and  in  Plate  XXI. 


Pig.  87. — Orgyia.  leucoatigma  S.  &  A.;  a,  adult  female  on  efrg-maas;  5.  young 
caterpillar;  c,7emale  pupa;  cf.male  pupa;  e,  male  adult;  above  full  grown  cater- 
pillar.  From  LHt.  of  Entomology,  Dep.  of  Agriculture. 


The  long  and  very  peculiarly  tufted  forelegs  are  very  con- 
spicuous in  this  position,  and  as  the  colors  of  the  moth  blend 
well  with  the  spot  selected  for  rest  the  insect  is  not  easily 
detected. 

Remedies:— As  the  cocoons  attached  to  the  leaves  or  to 
the  trunks  of  trees,  sides  of  buildings,  projecting  roofs,  under 
fence  boards,*etc.,  are  easily  detected,  the  eggs  fastened  to 
them  can  be  collected  in  very  large  numbers  and  destroyed. 
But  as  the  cocoons  very  frequently  contain  parasites  it  is 
best  not  to  destroy  them,  but  after  having  collected  them  to 
put  them  in  an  open  box  away  from  the  trees.  In  this  way 
the  parasites  can  hatch  and  fly  away,  even  the  male  moths 
may  escape,  but  as  the  female  moth  has  no  wings  there  is 
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no  danger  that  she  can  reach  a  tree  some  distance  away. 
Spraying  with  arsenical  poisons  will  also  kill  these  voraci- 
ous caterpillars. 


: 


THE  PARALLEL-LINED  TUSSOCK-MOTH. 

{Parorgyia  pttrallela  G.&R,). 

Another  caterpillar,  also  ornamented  with  long  pencils 
of  hairs,  feeds  upon  the  plum,  crab-appl^  oak  and  other 
trees.  It  is  sometimes  qnite  common.  It  has  a  gray  body, 
with  a  dorsal  and  stigmatal  black  line.  The  black  pencils 
or  tussocks  are  found  on  top  of  segments  4,  5,  6  and  7,  the 
latter  one  is  sometimes  wanting;  on  each  side  ofthe  first  and 
last  segment  is  a  pencil  of  long  black  hairs; .  on  top  of  seg- 
ment 11  is  also  an  apparently  double  brush  of  black  hairs. 
The  hair  on  the  sides  of  the  body  is  yellowish,  in  spreading 
clusters;  on  top  of  segments  9  and  10  is  a  small  pale  yellow 
•  cup.  The  head  is  of  a  shining-black.  When  full  grown  this 
caterpillar  measures  an  inch  and  a  half.  It  now  searches  for 
a  protecting  shelter,  and  here  spins  a  coarse  cocoon,  inside 
of  which  it  changes  to  a  pupa .  In  Parorgyia  both  sexes  are 
winged.  The  moths  are  dark  gray,  with  darker  colored 
wavy  lines  and  spots;  there  is  a  dark  blotch  between  the 
outer  line  and  the  apex.  They  resemble  the  males  of 
leucostigmaj  but  are  a  little  darker  and  larger,  as  shown  in 
Fig.  88,  Plate  XXI. 


THE  GYPSY-MOTH. 

{Ocneria  dispar  Linn. ). 

This  is  also  rdated  to  the  Liparidae.  It  is  a  European 
moth,  which  was  imported  into  Massachusetts  in  1868, 
and  which  has  already  caused  enormous  damage  to  that 
state,  requiring  annual  appropriations  of  many  thousands 
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of  dollars,  simply  to  keep  it  from  spreading.  It  is  not  found 
in  Minnesota,  notwithstanding  letters  received  from  time  to 
time,  and  it  is  to  be  hoped  will  always  remain  a  stranger  to 


Fig.  S9. —Ocneria  dispar  Linn. 

our  state.  Its  caterpillar,  when  full  grown,  is  about  one  and 
one-half  inches  in  length,  of  a  creamy- white  color,  so  thickly 
sprinkled  with  black  that  it  seems  dark-brown,  the  ground 
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color  appearing  in  the  broken  dorsal  and  lateral  lines.  It  is 
furnished  with  distinct  dorsal  and  lateral  tubercles,  blue 
anteriorly  and  crimson  behind  the  fifth  segment,  from  each 
of  which  arise  tufts  of  long  black  and  yellowish  hair.  The 
caterpillar  changes  to  a  chocolate-brown  pupa,  covered  by 
a  few  threads,  forming  the  merest  apology  for  a  cocoon. 
The  male  moths  are  brownish-yellow,  the  fore-wings  are 
smoky,  with  darker  irregular  transverse  lines;  the  hind- 
wings  are  paler  with  a  darker  outer-margin.  The  heavier 
and, much  larger  female  moths  are  creamy- white  in  color, 
with  irregular  transverse  gray  or  blackish  lines.  The  males 
measure  with  expanded  wings  from  one  and  one-half  to  two 
inches,  the  females  two  and  one-half  inches.  The  moths  ap- 
pear from  July  to  September.  The  females  deposit  their 
eggs  in  masses  of  from  four  to  five  hundred  in  all  conceivable 
localities,  and  cover  them  with  yellow  hair  and  scales  from 
the  end  of  their  abdomen.  The  insects  winter  as  eggs, 
which  hatch  from  April  to  June. 

FAMILY  MEGALOPYGID^  OR  FLANNEL-MOTHS. 

Prof.  Comstock  has,  tor  good  reasons,  separated  from 
the  Liparidsd  a  number  of  moths,  which  he  places  in  a  new 
family,  the  Megalopygidse  or  Flannel-moths.  They  are 
whitish-moths  which  have  their  wings  densely  clothed  with 
long  and  curly  hairs,  resembling  bits  of  flannel.  Their 
larvae  are  also  remarkable  for  the  possession  of  ten  pairs  of 
legs,  three  thoracic  and  seven  abdominal,  while  all  other 
known  lepidopterous  larvae  have  lost  some  of  their  abdom- 
inal legs.    The  cocoons  are  furnished  with  a  trap-door. 

THE  WAVED  LAGOA. 

{Lagoa  crispata  Packard). 

This  peculiar  caterpillar  is  quite  uncommon  in  Minne- 
sota, where  it  feeds  upon  a  variety  of  plants,  but  especially 
upon  the  blackberry,  apple  and  raspberry.  Being  quite  un- 
common it  probably  will  never  be  classed  among  the  injur- 
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ious  insects.  It  is  nearly  oval,  covered  with  evenly  shorn 
hairs  of  a  brownish  color,  which  are  raised  to  a  ridge  along 
the  middle  of  the  back,  sloping  off  on  each  side  like  the  roof  of 
ahouse.  When  about  three-fourths  of  an  inch  long,  thecater- 
pillar  ceases  to  feed  and  forms  now  a  tough,  oval  cocoon, 
which  is  fastened  securely  to  the  side  of  a  twig  upon  the  foli- 
age of  which  it  has  been  feeding.  This  cocoon  is  fastened  very 
securely  and  can  only  be  removed  by  applying  some  force. 
Inside  this'cocoon  the  caterpillar  changes  to  a  brown  pupa. 
The  moth  issues  during  July  of  the  following  year,  and 
escapes  by  lifting  a  flat  and  circular  lid  on  one  end  of  the 
cocoon.  It  is  a  soft  looking  yellowish-cream  or  straw-yel- 
low being;  the  fore-wings  are  more  or  less  dusky  on  the 
outer  margin,  covered  with  fine,  flattened,  curled  hair-like 
scales,  arranged  in  regular  waves,  running  from  near  the 
base  to  the  tip.  The  body  and  legs  are  thick  and  woolly; 
at  the  tip  of  the  abdomen  there  is  a  tuft  of  long  and  soft 
hairs,  forming  a  bushy  tail.  The  moth,  with  wings  expand- 
ed, measures  about  one  and  three  quarter  inches  across.  It 
IS  shown  in  Fig.  90,  Plate  XXI. 

A  closely  related  species, 
the La^oa  opercular!^  S.  &  A., 
is  found  in  ourSouthemStates. 
The  moth  resembled  very  close- 
ly the  waved  Lagoa.  Its  co- 
coon is  about  as  interesting  an 
object  as  we  can  find,  and  so 
closeh'  resembles  a  terminal 
bud  of  the  Life  Oak,  upon 
which  the  caterpillar  is  usually 
found,  that  it  is  almost  impos- 
sible to  detect  it,  especially  as 
both  twigs  and  cocoons  are 
covered  with  small  bits  of 
lichen.  The  larva,  pupa  and  adult  of  this  interesting  moth 
is  shown  in  Fig.  91. 


Pig.  91. 
Pif(.  91. — Lagoa  opercalarit  S.  &  A.; 
larva,  cocoon  and  adnlt.    Prom  Div. 
of  Bntomolog7t  Dep.  of  Agricultare. 


Digitized  by  VjOOQIC 


150  SLUG-CATERPILLARS. 

FAMILY  LIMACODID^  OR  SLUG-CATERPILLABS. 

A  number  of  very  interesting  modest  green  or  brown 
moths,  usually  of  a  small  size,  and  very  densely  clothed 
with  scales  or  hairs,  form  this  family.  They  possess  a  much 
reduced  head  and  have  no  tongue.  The  larvae  are  very 
peculiar  slug-like  beings,  usually  flattened  and  oblong  in 
shape,  with  no  apparent  legs;  they  move  like  slugs  or  snails, 
the  prolegs  being  replaced  by  mere  swellings  on  the  abdom- 
inal segments.  Some  of  these  innocent  or  grotesque  looking 
caterpillars  can  cause  a  burning  pain  like  that  produced  by 
nettles;  it  is  caused  by  the  breaking  of  certain  hollow  spines 
filled  with  a  powdery  dust  or  which  contain  the  same  urti- 
cating  acid  in  a  liquid  form. 

THE  GREEN  SLUG-MOTH.' 

{Parasa  cbloris  H.  Sch.). 

The  caterpillar  (Fig.  92,  Plate  XXII,)  of  this  insect  feeds 
upon  cherry,  apple  and  rose.  It  is  of  a  bright  scarlet  color, 
with  four  dark  blue-black  lines  along  the  back,  and  with 
jorickly  yellow  horns  or  tubercles,  which  possess  the  power 
of  stinging;  the  head  is  retractile.  The  ground-color  of  this 
caterpillar  differs  greatly,  however,  and  in  some  cases  it  is 
yellowish  or  yellowish-brown.  Like  most  species  of  Lima- 
codidse  this  caterpillar  forms  an  egg-shaped  cocoon,  which 
is  dark  brown,  smooth  and  very  thin ;  in  it  the  caterpillar 
hibernates,  ndt  changing  to  a  pupa  until 

^^^^^fl    spring. 

^^^H^M|^V  The  moth  is  very  pretty,  have  thing 

^H|H|H^       abdomen    and    hind-wings    fulvous,     the 

pj  ^g  thorax  and  front-wings  delicate  green,  the 

Fi^.93 -parasactioris  '^^^^^  bordcrcd  posteriorly  with  brown, 
En?SmLioS?Dep:2f  ^ud  having  a  patch  of  the  same  color  at 
A^cuiturc.  ^j^^  ^jg^g^    one-third  as  long  and  one-half 

as  wide  as  the  wing  itself    (Fig.  93). 
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A  similar  moth,  the  Eaclea  psenulata  Clem.,  is  not  uncom- 
mon in  Minnesota.  A  single  caterpillar,  found  also  upon 
the  cherry,  was  bred  in  captivity,  and  proved  to  be  this  in- 
sect. The  moth  has  a  dark  brown  body,  and  the  green 
marks  of  the  front-wings  are' narrow  and  of  a  brighter 
green  than  in  cbloris.    It  is  shown  in  Fig.  94,  Plate  XXII. 

Still  another  Qioth  is  found  from  time  to  time  near  the 
electric  light.  It  is  Euclea  cippus  Cram.  var.  qaercicola  H.S. 
Its  larva  feeds  upon  apple,  plum,  cherry  and  some  other 
plants,  but  is  not  common.  The  moth  is  also  dark  brown ; 
the  large  green  band  on  the  fore- wings  is  in  this  case  simply 
indicated  by  a  number  of  large  and  small  green  spots,  the 
one  nearest  to  the  body  being  larger  and  of  a  triangular 
shape.    Fig.  95,  Plate  XX,  shows  two  slug-caterpillars. 

THE  CHERRY  SLUG-CATERPILLAR. 

{Adoneta  spinuloides  H.  S.). 

The  slug-like  caterpillars  of  this  moth  are  very  curious 
grass-green  objects,  which,  with  their  flat  bodies  ornament- 
ed with  a  few  reddish  lines,  almost  look  like  excrescences  of 
the  leaf.  They  move  by  a  sliding  and  almost  imperceptible 
motion.  When  mature  they  form  very  small. and  almost 
perfectly  globular  brown  cocoons,  fastened  to  leaves  or 
twigs.  In  this  condition  they  remain  until  spring,  when 
they  transform  to  pupce  and  soon  afterward  to  moths. 
(Fig.  96,  Plate  XXII).  These  are  distinguished  by  auniform 
dark  brovyn  color,  with  irregular  bands  of  whitish  spots. 
The  rather  falcate  fore-wings  are  edged  with  brown  and 
white.  This  insect  is  also  uncommon,  still  a  single  small 
cherry  tree  was  found,  upon  which  several  hundreds  of  these 
caterpillars  were  feeding.  A  rapid  increase  of  this  insect  is 
not  likely  to  take  place,  as  but  few  of  the  caterpillars 
escape  para^tic  insects.  Among  these  is  a  rather  large  and 
peculiar  fly,  the  Sjrstropus  znacer  Loew,  which  is  apparently 
much  more  bulky  than  the  insect  in  which  it  fed. 
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SADDLE-BACK  CATERPILLAR. 

(Empretia  stimulea  Clem.). 
The  odd  shape  and  very  peculiar  coloration,  which  is  de- 
cidedly saddle-shaped,  render  this  caterpillar  a  very  striking 
object,  and  never  fails  to  excite  the  wonder  of  those  not 
versed  in  such  things.  But  it  sometimes  excites  something 
else  than  wonder!  If  handled  roughly. or  carelessly  the 
caterpillar  can  cause  very  severe  pain.  The  thorn-like  hairs, 
which  grow  upon  it,  sting  like  nettles,  and  when  applied  to 
the  back  of  the  hand,  or  to  any  other  part  where  the  skin  is 
tender,  the  parts  touched  swell  with  watery  pustules.  The 
irritation  caused  by  the  acid  in  these  thorns  is  sometimes 
exceedingly  severe,  and  with  some  persons  becomes  a  serious 
matter;  first  inflammation,  next  swelling,  and  in  extreme 
cases  a  numbness  or  even  partial  paralysis  of  the  entire  arm. 
A  prompt  application  of  ammonia  or  bicarbonate  of  soda  acts 
as  an  antidote,  and  soon  allays  the  pain.  This  peculiar 
caterpillar  is  of  a  reddish-brown  color,  rounded  above,  flat- 
tened beneath,  armed  with  prickly  thorns,  which  are  largest 
on  the  fourth  and  tenth  segments,  and  with  a^  bright  pea- 
green  patch,  resembling  somewhat  a  saddle  in  form,  over 
the  middle  portion  of  the  bod  3  .centred^  with  a  broad,  ellipti- 


Pig.  97.— Bmprct/a  stimulea  Clem.;  a,  cater- 
pillar; moth.  Prom  Div.  of  Bntomolog^y, 
Dcp.  of  Agricnlture. 


cal,  reddish  spot,  the  red  spot  and  green  patch  both  being 
edged  with  white.  The  under  part  of  the  body  is  flesh-col- 
ored. Ths  caterpillar  possesses  six  true  legs  but  no  prolegs. 
The  moths  are  of  a  deep,  rich,  reddish  velvety-browm 
color,  with  a  dark  streak  along  the  middle,  extending  from 
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the  body  half-way  across,  and  on  this  is  a  golden  spot;  two 
other  golden  spots  are  on  each  wing  near  the  apex.  With 
expanded  wings  the  moth  measures  nearly  an  inch  and  a 
half  across. 

These  caterpillars  are  very  general  feeders,  having 
been  foand  on  com,  sumach,  rose,  apple,  grape,  currant, 
cherry,  raspberry  and  blackberry.  Not  being  common,  and 
much  infested  by  parasite^,  it  is  not  to  be  feared  a§  a. very 
noxious  insect.    Larva  and  moth  are  shown  in  Fig.  97. 

THJE  HAG-MOTH   CATERPILLAR. 

(Pbobetron  pitbecium  A.  &  S.). 

This  is  one  of  the  most  curious  caterpillars  known.  Its 
slug-like  actions,  as  well  as  its  oblong  or  nearly  square,  flat- 
tened body-of  a  dark  brown  color,  make  it  a  remarkable 
object.  Its  body  is  covered  with  eight  singular  fleshy  ap- 
pendages protuding  from  the  sides.  The  three  middle  ones 
are  longest,  measuring  about  half  an  inch ;  they  have  their 
ends  curved.  When  such  caterpillars  are  roughly  handled 
some  or  all  of  these  fleshy  horns  become  detached.  The  full 
grown  larva  spins  a  small  round  and  compact  cocoon,  and 
to  its  outside  the  horns  are  fastened:  the  cocoon  itself  i^ 
'usually  fastened  to  a  twig  of  the  tree  on  which  the  cater- 
pillars feed. 

The  moth  is  very  uncommon.  It  is  of  a  dusky  purple- 
brown  color,  with  ochreous  patches  on  the  back  and  a  light 
yellow  ,tult  on  the  middle  pair  of  legs.  The  abdomen  is 
sable,  ending  in  a  tuft  of  ochreous  scales.  The  fore-wings 
are  variegated  with  pale  yellowish-brown,  and  crossed  by 
a  narrow,  wavy,  curved  band  of  the  same  color,  edged  near 
the  outer  margin  with  dark  brown,  and  having  near  the 
middle  a  light  brown  spot;  the  antennse  in  the  male  are 
very  broadly  pectinated  and  the  remarkably  long  and  nar- 
row fore-wings  are  partly  transparent.  The  hind-wings  are 
sable,  bordered  with  ochreous  in  the  female.     The  moth 
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Fig.  98. — Phobetron  pltbeciam  A. 
&  S.;  caterpiUar  and  cocoon. 
From  Dlv.  of  Entomology,  Dcp. 
of  Agriculture. 


measures  with  expanded  wings,  a  little  over  one  inch.  This 
caterpillar  feeds  upon  the  cherry,  plum,  apple  and  oak. 
Larva  and  pupa  are  shown  in  Fig  98. 

Mr.  Hubbard,  in  "Orange  Insects,*'  gives  the  follow- 
ing account  of  this  peculiar  in- 
JB^I^Sl         (  sect.     ''This  insect  receives  its 

j^^^KW^^     MIL.     ^^^^  from    the    curious   hairy 
^^^I^^Hl^^     ^^E     ^PP^tidages  which  cover  the  back 
^^^^^  WP^      ^^d  project  from  the  sides  of  the" 

V^^P^^^        1  larva  and  have  abackward  twist, 

like  locks  of  disheveled  hair.  They 
are,  in  fact,  fleshy  hooks,  covered 
with    feathery,     brown      hairs, 
among  which  are  longer,  black,  stinging  hairs.    The  cocoon 
is  almost  spherical,  and  is  defended  by  the  hairy  appendages 
which  the  larva  in  some  way  contrives  to  leave  upon  the 
outside.    These  tufts  give  to  the  bullet-shaped  cocoon  a  very 
nondescript  appearance,  and  the  stinging  hairs  afford  a  very 
perfect  protection  against  birds  and   other  insectivorous 
animals.    Unlike  other  species  of  Litnacodidss  the  Hag-moth 
larvae  do  not  seek  to  hide  away  their  cocoons,  but  attach 
them  to  leaves  and  twigs  fully  exposed  to  view,  with,  how- 
ever, such  artful  management  as  to  surroundings  and  har- 
monizing colors  that  they  are  of  all  the  group  the  most  * 
difficult  to  discover.  A  device  to  which  this  insect  frequently 
resorts  exhibits  the  extreme  of  instinctive  sagacity.    If  the 
caterpillar  can  not  find  at  hand  a  suitable  place  in  which  to 
weave  its  cocoon  it  frequently  makes  for  itself  more  satis- 
factory surroundings  by  killing  the  leaves  upon  which,  after 
they  have  become   dry  or   brown   in  color,  it  places    its 
cocoon." 

THE  SKIFF-SHAPED  LIMACODES. 

[Limacodes  scapha  Harr . ) . 

The  caterpillar  of  this  moth  is  also  very  peculiar  in  form,  ^ 
being  boat-shaped  and  triangular;  it  is  green,  spotted  above 
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with  brown,  pale  beneath,  the  sides  raised,  and  the  dorsal 
surface  flattened.  Late  in  autamn  it  forms  a  tough,  rounded, 
oval  cocoon.  The  moth  appears  in  June;  it  deposits  the 
eggs  singly,  and  the  larva  often  live  on  the  upper  side  of  the 
leaves.  The  caterpillar  of  this  species  is  also  a  rather  general 
feeder,  being  found  upon  apple,  plum,  cherry,  hickory  and 
oak.  It  is  such  a  curious  being  that  a  more  detailed  descrip- 
tion of  it  is  quoted  from  H.  Edwards  and  Elliot.    *'Ground- 


Pig.  99. — LiaiBcode9  Bcapba,  Harr. 

color  pale  apple-green.  The  segments  extended  laterally  ill 
the  middle  of  the  body,  and  raised  into  an  elevated  ridge, 
sharp  and  angular  at  the  edges.  The  flattened  portion, 
which  includes  the  dorsal  region,  is  chestnut  brown,  darker 
on  the  margins.  There  is  also  a  darker  dorsal  stripe.  The 
segments  are  arranged  like  the  plates  of  a  tortoise.  The 
latter  region  is  of  a  pale  yellowish-green,  with  an  oval  white 
spot  on  segments  9  and  10.  Spiracles  pale  brown,  mouth 
parts  also  brown.  In  some  specimens  the  brown  color  of 
the  back  is  reduced  to  small  patches,  and  occasionally  a  yel- 
low dorsal  line  is  present,  the  ground  color  (pale-green)  then 
prevailing.    Length  0.85,  width  0.25  inch. 

**The  moth  is  light  cinnamon  brown;  on  the  fore-wings 
the  costa-median  region  is  filled  in  with  a  large  tan-brown 
triangular  spot,  ending  on  the  tip  of  the  wing,  and  is  lined- 
externally  with  silver.    Expanse  of  wings,  26  to  28  mm." 

Moth  and  caterpillar  are  shown  in  Fig.  99. 
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THE  FASCIATED  LIMACODES. 

{Lithacodes  fasciola  H.  S.). 

This  slug-caterpillar,  as  well  as  that  of  Tortricidia 
Hexaosa  H.  S  ,  are  quite  common  in  some  years,  and  are 
rather  general  feeders.  Both  occur  on  the  plum,  cherry, 
apple,  hickory,  oak,  linden  and  other  trees.  They  cause  but 
little  damage,  as  they  eat  but  little.  There  are  still  other 
species  of  Limacodidae  found  upon  our  fruit  trees,  but  as  all 
are  very  similar  in  general  habits  and  appearance  it  is  not 
necessary'  to  describe  them  in  detail. 

The  caterpillar  of  fasciola  is  elliptical,  the  posterior  end 
quadrate.  The  dorsal  space  is  broad  and  flat;  the  lateral 
one  broad  and  oblique.  There  is  a  slight,  smooth  and  yel- 
lowishgreen  subdorsal  ridge,  and  yellow  subdorsal  and 
lateral  lines,  of  which  the  latter  is  broken.  The  depressed 
spaces  are  pale-yellow,  with  green  centres.   Length  7-13  mm. 

The  moth  (Fig.  100)  has  ochreous-brown  fore-wings, 
with  a  dentate  white  band  running  across  the  middle,  fol- 

\    /^^     lowed  by  a  blackish  shade;  there  is  a  curved 

^^^itk^^m     black  line  from  the  white  band  on  the  costa 

^^n^^P       to   the    hind    angle;     the     hind- wings    are 

Fig.  loo.r^Lithaco-  blackish  or  pale  testaceous.    Expanse  15-20 

dea  faaciolA    H.  8.;  ^  ,  ^ 

moth     From  Div.of  mm. 
Bntomolosy,     Dep. 

of  Agricuitiirc.  The  caterpillar  of  T.  Rexuosa  is  elliptical; 

the  dorsal  space  is  almost  uniform  in  width;  the  lateral  space 
is  broad  and  oblique;  the  dorsal  ridge  is  very  slight.  Color 
pale  yellowish-green,  clearer  at  the  sides.  Subdorsal  line  yel- 
low, as  well  as  all  the  depressed  spaces  in  the  bottom,  the 
largest  with  green  centers.  A  number  of  very  variable  red 
spots  and  marks  occur  in  the  dorsal  space,  but  the  usual 
form  is  that  of  a  rounded  cross,  of  crimson  color,  marked 
with  purplish-brown  and  blackish  on  the  ridges. 

All  these  species  are  single  brooded,  and  can  be  found 
late  in  autumn,  almost  invariably  on  the  under  sides  of  the 
leaves,  in  which  they  eat  large  holes.    All  spin  almost  glob- , 
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ular,  brown  and  very  thin-shelled  cocoons,  inside  of  which 
they  hiberifate  as  caterpillars,  which  do  not  transform  to 
pupa  until  late  in  spring,  and  which  soon  afterward  leave 
the  cocoon,  as  moths,  by  round  holes  covered  with  perfectly 
fitting  lids. 

FAMILY  PSYCHIDiE  OR  BAG-WORM   MOPHS. 

As  far  as  known  none  of  these  peculiar  moths  occur  in 
Minnesota,  though  the  ,writer  has  repeatedly  received  the 
peculiar  bags  from  nurserymen,  who  had  detected  them  on 
stock  received  from  niore  southern  states.  The  caterpillar 
builds  for  itself  a  silken  sack  covered  with  little  twigs  or 
bits  of  leaves.  In  this  bag,  which  is  made  as  soon  as  the 
worm  hatches  from  the  egg,  it  lives  as  in  a  house;  it  drags 


Vig,  101,— 'TbjHdopteryx  ephemeraformia  Steph  ;  a, caterpillar;  b,  male  pupa; 
c,  female  adnlt;  d,  male;  e,  female  pupa  filled  with  eirffs;  /*,  caterpillar  in  bafz;  ir» 
young  caterpillarB  carrying:  bags.    Prom  Div.  of  Bntomology,  Dep.  of  Agriculture. 

it  always  with  it  like  a  snail,  and  fastens  it  by  strong  silken 
cables  wherever  it  intends  to  feed.  For  the  sake  of  those 
interested  in  the  study  of  lepidoptera  the  bag  of  the  common 
bag-worm  {Tbjrridopteryx  epbemerseformis  Steph.)  is 
shown  in  Fig.  101. 
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FAMILY  LACOSOMIDiS.V 

Opon  oar  low  bushes  of  oak  we  find  not  rarely  another 
peculiar  house  made  by  a  caterpillar.  It  is  the  home  of 
Perophora  Melsheimerii  Harr.    Formerly  this  insect  was 


Hig.  102. — Perophom  Melsheimerii  Harr.    Original. 

classed  among  the  insects  belonging  to  the  above  family* 
but  for  very  good  reasons  it  forms  now  a  family  by  itself, 
the  Lacosomidse,  The  moth  is  shown  in  Fig.  102  and  the 
caterpillar  in  large  illustration  Fig.  134. 

FAMILY  NOTODONTIDiE  OR  PROMINENTS. 

This  family  includes  motlis  of  moderate  size,  only  a  few 
expanding  more  than  two  inches.  Their  body  is  stout, 
densely  clothed  with  hair,  of  which  those  on  the  femora  are 
unusully  long.  The  strong  wings  are  not  very  broad ;  the 
fore-wings  have  in  many  cases  a  tooth-like  prominence  on 
their  inner  margins.  Many  of  the  caterpillars  have  also 
peculiar  humps,  and  thus  become  very  prominent.  They  are 
either  naked,  or  only  thinly  covered  with  hairs,  and  usually 
make  slight  cocoons  or  enter  the  ground  for  pupation. 

THE  SPHINX-LIKE  APATELODES. 

{Apatelodes  torrefacta  A.  &  S.). 

This  interesting  moth  is  fairlj'  common  in  Minnesota, 
but  by  no  means  sufficiently  so  to  cause  any  great  injury. 
Its  caterpillar  feeds  upon  blackberry,   wild  cherry,  plum, 
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hazel^  ash,  wtllow  and  other  plants.  It  is  a  very  general 
^eder,  hence  varies  in  this  respect  from  most  of  the  other 
*prominents.  The  hairy  caterpillar  is  very  conspicuous,  and 
easily  detected,  as  it  feeds  exposed  on  the  leaves. 

Prof.  Beutenmueller  gives  the  following  detailed  descrip- 
tion of  it :  **  Head  dirty  white.  Body  creamy  white  with  a 
broken  black  dorsal  stripe  on  which  are  tufts  of  hairs  of  the 
same  color.  A  black  spot  on  each  segment  along  the  sides. 
Body  covered  with  long,  white,  flossy  hairs  directed  back- 
wards, except  those  on  the  anterior  segments,  which  are 
directed  forwards. '  On  the  back  of  each  of  the  second,  third 
and  eleventh  segments  is  a  long,  mouse-colored  pencil,  tipped 
with  white  at  the  ends.  Abdominal  legs  black,  the  extrem- 
ities pinkish.  Thoracic  feet  black.  Sometimes  the  body  is 
pale  yellow  with  the  hairs  bright  sulphur  yellow,  with  the 
pencils  ferruginous,  tipped  with  black.  Sometimes  the  body 
is  black  with  the  hairs  Maltese   gray.    Length  45  mm." 


Pig.  103.     Apatelodee  borrefacta  A.  &  S. 

Moth: — Fore-wings  ash-gray,  clouded  outwardly  with 
smoky  brown.  Across  the  basal  third  are  two  brown,  par- 
allel, wavy,  narrow,  tfansverse  lines,  and  two  similar  ones 
across  the  outer  third.  On  the  inner  margin  near  the  base 
is  a  deep  brown  patch,  and  a  small  white  spot  beneath  the 
apex.  Hind-wings  dull  reddish,  sometimes  washed  with  , 
ashen-gray,  and  with  two  ill-defined,  transverse  lines,  the 
outer  one  whitish  and  marked  at  the  inner  angle  with  two 
deep  brown  dashes.  Head  and  thorax  ashen-gray,  the  lat- 
ter with  a  deep  brown  band  across*  the  posterior   part. 
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Abdomen  gray,  and  tuft  tipped  with  deep  bro^n.  Expanse, 
male,  36-40  mm.;  female,  50  mm.  The  moth  is  illustrated 
in  Fig.  103.  • 

THE  YELLOW-NECKED  APPLE  TREE  CATERPILLAR. 

{Datana  ministra  Drury). 

This  insect  is  not  very  common  in  our  state,  but  is  evi- 
dently on  the  increase  in  nurseries  and  orchards,  and  wher- 
ever found  is  quite  destructive.  It  has  found  a  home  in  some 
of  our  nurseries,  whef*e  it  can  seriousljr  injure  the  young 
trees,  especially  as  the  caterpillars  are  gregarious  and 
thoroughly  strip  the  infested  plants  of  all  foliage.  When 
young  they  eat  only  the  under  side  and  softer  part  of  the 
leaves,  leaving  veins  and  upper  side  untouched,  but  as  they 
grow  older  and  stronger  the  entire  leaf,  with  the  exception 
of  the  stem,  is  eaten.    Wheh  full  grown,  which  requires  from 


a 


.-V   ' 


'^^ 


Pi£.  10 ^.—Dataaa  ministra  Drury;  a.  caterpillar;  6,  adalt; 
c,  eggs:  (/.  egg  enlarged.    After  Riley. 

five  to  six  weeks,  they  measure  about  two  inches  in  length. 
They  have  a  large  and  black  head;  upon  the  next  segment 
the  cervical-shield,  sometimes  called  the  neck,  is  of  a  dull 
orange  color.  Upon  the  back  of  the  caterpillar  we  find  a 
black  stripe,  and  on  each  side  are  three  stripes  of  black, 
alternating  with  four  yellow  stripes.  White  hairs,  which 
are  very  long  and  soft,  thinly  clothe  the  body.  As  already 
mentioned  the  caterpillars  are  always  found  clustered   to- 
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gether  on  a  limb  of  the  tree,  and  there  form  sometimes 
large  bunches  of  worms.  Each  larva,  when  at  rest,  assumes 
a  very  odd  and  characteristic  position ;  both  extremities  are 
raised,  the  body  is  bent,  and  rests  only  on  the  four  pairs  of 
prolegs,  as  shown  in  Fig.  104,  a.  If  touched  or  otherwise 
alarmed  they  throw  up  their  heads  and  tails  with  a  jerky 
motion,  at  the  same  time  bending  the  body  until  the  two 
extremities  almost  meet  over  the  back;  they  also  sway  their 
bodies  from  side  to  side.  These  jerky  motions  are  intended  to 
drive  oflf  marauding  parasites,  but  frequently  with  but  little 
benefit,  as  large  numbers  of  the  caterpillars  are  killed  by 
snch  parasitic  insects  as  the  Tachina-flies.  All  caterpillars 
feed  together,  crowded  upon  the  under  surface  of  the  leaves, 
and  if  we  look  closely  we  see  along  the  margins  a  row  of 
their  shining  black  heads.  When  mature  they  all  leave  the 
tree,  descending  by  night  to  the  ground,  where  they  burrow 
under  the  surface  to  a  depth  of  from  two  to  four  inches. 
Here  they  change  to  naked  brown  pupae,  not  enclosed  in  any 
silken  cocoons  whatever,  and  here  they  remain  until  the 
following  July  when  the  moths  emerge. 

Each  female  deposits  from  seventy  to  one  hundred  eggs 
in  a  single  cluster  on  the  surface  of  a  leaf.  Each  egg  is  white 
and  round,  and  all  are  placed  firmly  cemented  together  side 
by  side  in  regular  order. 

The  moth  is  of  a  reddish  or  russety-brown  color,  with 
the  head  and  a  large  spot  on  the  thorax  chestnut-brown. 
The  fo^- wings  are  crossed  by  three  to  five  transverse  darker 
brown  lines,  one  or  two  spots  are  near  the  middle,  and  the 
outer-margin  is  also  of  the  same  color.  The  hind-wings  are 
pale-yellow  and  without  markings.  When  the  moth  is  at 
rest  it  has  the  posterior  part  of  the  body  raised  up  and  the 
fore-legs  stretched  out  at  full  length.  Both  sexes  of  the 
moths  are  also  shown  in  Fig.  105,  Plate  XII. 

As  this  insect  is  seldom  very  numerous  hand-picking  at 
the  proper  time  is  all  that  is  required.  This  is  very  easy,  as 
the  caterpillars  feed  together,  and  also  cluster  on  the  trunk 
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or  lower  branches  during  the  moulting  period,  when  the 
whole  colony  can  be  destroyed  by  crushing  or  burning. 

There  are  a  number  of  other  species  of  the  genus  Detana 
which  occasionally  cause  injury  to  our  fruit-trees.  Last 
summer  (1898)  two  species  were  found  in  large  numbers 
and  were  quite  destructive  to  plums;  the  caterpillars  had  a 
somewhat  different  color  but  none  could  bo  reared  to  their 
winged  form.  All  species  of  this  genus  have  but  ojje 
annual  brood. 

THE  WAH«UT  CATERPILLAR. 

{Datana  angnsHG.  &  R.). 

This  species  closely  resembles  the  ministra,  but  is  a  dis- 
tinct kind,  which  is  sometimes  so  destructive  to  our  walnut 
and  hickory  trees,  in  the  latter  part  of  summer  that  they  be- 
come denuded  of  all  their  leaves.  The  caterpillars  are  dark 
with  light  stripes  along  the  sides.  They  assume  the  same 
peculiar  position  when  at  rest  as  the  other  species  of  Datana. 

Two  other  species^  of  Datana  are  found  feeding  upon  the 
foliage  of  the  apple,  walnut,  hickory  and  oak,  i.  e.  Datana 
integerrima  G.  &  R.,  and  Datana  contracta  Walk. 

The  caterpillars  of  all  the  species  of  this  genus  have  the 
habit  of  descending  to  the  trunk  of  the  tree  to  within  a  few 
feet  of  the  ground,  when  about  to  moult,  and  to  congregate 
here  in  a  large  mass.  Large  number's  of  their  cast-off  skins 
are  often  very  conspicuous  after  such  moults  and  after  the 
worms  have  disappeared 'long  ago.  It  is,  of  course,  very 
easy  to  capture  at  such  times  the  whole  colony  and  to  de- 
stroy it.  The  application  of  arsenical  preparations  is  of 
little  use,  unless  the  whole  tree  can  be  sprayed.  But  in 
nurseries,  where  the  trees  are  still  small  and  close  together,^ 
it  is  in  some  cases  advisable  to  apply  such  insecticides  that 
do  not  alone  kill  the  species  of  Datana  but  also  the  numer- 
ous other  worms  that  eat  their  leaves. 

Prof  Beutenmueller  gives  the  following  description  of  the 
species: 
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Datana  angusii  G.  &  R. 

Moths: — ^Fore-wings  varying  from  chocolate  to  deep 
smoky  brown,  diflfering  in  this  respect  from  all  the  other 
species  of  this  genus.  Along  the  costal  region  the  color  is  of 
a  shade  darker  than  the  rest  of  the  wing.  Lines  like  those 
of  2).  miaistra.  Hind-wings  paler.'  Thoracic  patch  very 
deep  brown.  Escpanse  35-45  mm.  Fig.  106  shows  this 
moth. 

Caterpillar: — Head  and  cervical-shield  jet  black,  shin- 
ing.   Body  black  with  three  equidistant,  very  narrow,  pale 

yellow  or  whitish  stripes 
on  each  side,  very  much 
narrower  than  the  interven- 
ing spaces.  Under  side  with 
three  yellow  stripes, — one 
along  the  middle,  which  is 
the  broader  and  one  on  each 
Fig.  ioe.-DatBnlaagv3iio.sc^.      si^^,    brokcu   by   the   legs. 

Abdominal  legs  and  spots 
on  the  legless  segments  reddish.  Thoracic  feet  black.  Hairs 
on  the  body  dirty  white.    Length  55  mm. 


Datana  integerrima  G.  &  R. 

Moths: — Fore-wings  light  brown  with  five  transverse 
lines,  followed  by  light  shades.  Over  the  wings  are  fine 
darker  irrorations.  Outer  margin  even,  in  the  male,  very 
slightly  scalloped  in  the  female,  which  is  of  a  paler  shade. 
Two  discal  spots.  Thoracic  patch  dark  ochreous.  Hind- 
wings  paler.  Expanse,  35-45  mm.  Fig.  107,  Plate  lY, 
shows  this  moth. 

Caterpillar.— Body  wholly  black,  covered  with  long, 
floss-like,  white  hairs.  Sometimes  there  are  visible  a  sub- 
dorsal, ill-defined,  white  stripe,   a  rather  broad,  wavy, 
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lateral  stripe  and  one  along  the  middle  of  the  under  side. 
Head  jet  black,  shining,  rarely  chestnut  red.  Abdominal 
legs  black  outside  and  reddish-broWn  inside.  Length,  55mm. 

Datana  contracta  Walker. 

Moth. — Pale  tawny luteous,  with  numerousdark  brown 
or  blackish  irrcrations.  Lines  as  in  integerrima,  Discal 
spots  present.  ^  Hind- wings  and  body  pale  luteous.  Thor- 
acic patch  dajk  ochreous.    Expanse,  35-45  mm. 

Caterpillar. —  Head  black.  Cervical-shield  orange.- 
Body  black  with  four  creamy-white  stripes  along  ^each  side, 
as  wide  as  the  intervening  spaces,  and  three  stripes  beneath. 
Abdominal  legs  yellowish-brown,  extremeties  black,  and 
with  yellowish-brown  spots  on  the  legless  segments.  Thor- 
acic feet  black,  bases  ydlow-brown.  Length,  55mm.  Fig. 
108,  Plate  IV,  shows  this  moth. 

THE  RED-HUMPED  CATERPILL'AR. 

(CBdemasia  concinna  S.  &  A.). 

As  far  as  habits  are  concerned  this  insect  resembles  the 
Yellow-necked  Apple-tree  Caterpillar  very  much.  The  fore- 
wings  of  the  moth  are  dark  brown  on  the  inner  and  grayish 


Fig.  109— CBdemasiA  conciana  8.&  A..    Moth  and  caterpillar. 

on  the  outer  margin ;  they  have  a  dark  brown  dot  near  the 
middle,  and  a  spot  near  each  angle,  and  several  longitudinal 
streaks  of  the  same  color  along  the  hinder  margin.  The 
hind-wings  of  tte  male  are  brownish,  those  of  the  female 
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dusky  brown;  the  body  is  light  brown,  the  thorax  of  a 
darker  shade.  'With  wings  expanded  they  measure  an  inch 
and  a  quarter  across. 

The  female,  whicli  appears  late  in  June,  deposits  her  eggs 
in  a  cluster  on  the  under  si^le  of  a  leaf.  The  tiny  caterpillars 
at  first  only  consume  the  substance  of  the  under  side  of  the 
leaf,  but  as  they  soon  increase  in  size  they  devour  the  entire 
leaf.  When  not  engaged  in  eating  they  huddle  closely 
together  and  frequently  completely  cover  the  branch  upon 
which  they  rest.  While  resting  the  posterior  part  of  the 
caterpillar  is  always  elevated.  The  young  caterpillars  are 
similar  to,  but  lighter  colored  than  the  mature  ones.  These 
latter  are  greenish-yellow  or  yellowish-brown;  the  head  and 
a  prominent  hump  on  the  back  oT  the  fourth  segment  is 
coral-red.  The  body  is  striped  longitudinally  with  dark 
brown  or  black  lines;  or,  considering  all  the  colors,  with 
yellowish,  white  and  dark  lines.  A  double  row  of  black 
spines  extends  along  the  back,  and  five  black  points  are 
found  on  each  side  of  the  segments,  three  above  the  spiracles 
and  two  below.  THe  back  is  marked  with  five  narrow 
black  lines;  the  sides  from  the  fifth  to  the  tenth  segment, 
inclusive,  are  whitish  with  black  lines  above  the  spiracles. 
The  first  three'  segments  are  spotted  with  black  and  white; 
the  last  segment  is  spotted  with  black.  The  legs  are  black ; 
the  prolegs  black  and  yellow,  the  last  segments  taper  a 
little.  When  full  grown  the  caterpillar  is  one  inch  and  a 
quarter  long. 

These  caterpillars  are  gregarious,  and  soon  defoliate  the 
branch  ~on  which  they  were  born.  When  handled  they  dis- 
charge a  transparent  fluid  which  possesses  a  peculiar  acid 
smell  and  which  no  doubt  serves  as  a  defense  against  ene- 
mies, especially  birds,  which  can  readily  see  these  caterpillars 
8o  openly  exposed  in  large  numbers. 

When  maturethe  larvae  descend  to  the  ground,  where  they 
conceal  themselves  under  leaves  upon  or  slightly  under  the 
surface.    Here  they  surround  themselves  with  a  very  thin 
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cocoon,  of  a  silky  texture,  yet  looking  more  like  a  cell  made 
of  glue  than  of  silk,  inside  of  which  they  change  to  a  brown 
pupa,  which  remains  in  the  cocoon  until  the  next  year. 
Both  larva  and  adult  are  shown  in  Fig.  *109 ;  the  larva  also 
in  Fig.  110,  Plate  XIV. 

These  caterpillars  are  rather  general  feeders,  being  found 
upon  the  apple,  their  favorite  food,  but  also  upon  plum, 
cherry,  rose,  shad-berry,  Wistaria  and  other  plants.  As  they 
are  gregarious  during  their  entire  larval  existence  and  can 


Pig.  111.— CE<ftfm«s/a  tfx/m/a  Grote;  moth  and  Utrra.    After  Packard. 

readily  be  seen,  they  can  be  easily  detected  and  destroyed, 
especially  in  nurseries,  where  the  limb  inhabited  by  them  can 
be  cut  oflF  and  where  the  worms  can  be  trampled  under  foot. 
A  sudden  jar  of  the  Ifmb  will  also  bring  the  caterpillars  to 
the  ground  where  they  can  be  killed. 

Another  species,  the  (Edemasia  ejr/m/aGrote.,  occnrs  also 
on  the  apple,  willow,  maple  and  other  trees. 

The  moth  (Fig.  Ill)  resembles  concianay  but  is  a  little 
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larger,  with  longer  and  more  produced  wings.  Its  fore- 
wings  are  ashen-gray,  with  dashes  of  ochreous  brown ;  the 
inner  margin  for  twQ-thirds  of  the  width,  of  the  wing  is 
purplish-brown;  there  are  no  transverse  lines;  the  very 
small  discal  spot  is  round  and  black  and  a  short  black  dash 
is  found  at  the  base  of  the  wing.  The  hind-wings  are  gray- 
ish-brown, darker  in  the  female. 

The  caterpillar  has  a  dirty  white  head,  with  a  band  on 
each  side  composed  of  brownish-black  spots,  dotted  with 
red.  The  body  is  pale  brown,  with  a  brownish-olive  shade 
along  the  back,  quite  distinct  on  the  last  four  segments,  and 
frequently  quite  greenish.  The  distinct  V-shaped  mark  is 
pinkish;  an  oblique  olive-brown  line  runs  from  the  base  of 
the  long  and  fleshy  tubercle  on  the  fourth  segment  back- 
wards to  the  anterior  part  of  the  leg  on  the  sixth  segment. 
This  movable  tubercle  is  long,  with  the  distal  half  slender. 
A  slight  hump  occurs  on  the  eighth  and  a  larger  one  on  the 
twelfth  segment. 

THE  UNICORN  PROMINENT. 

{Schizara  unicornis  S.  &  A.). 

The  caterpillar  of  this  moth  is  also  a  very  peculiar  being. 
It  is  brown  or  reddish-brown  with  a  pea-green  patch  on 
each  side  of  the  first  three  segments,  and  variegated  with 
white  on  the  back,  with  a  large  brown  head.  The  fourth 
segment  is  furnished  on  the  upper  side  with  a  long,  horn-like 
and  acute  tubercle  with  two  small  tubercles  at  the  tip  and 
from  the  possession  of  this  horn  the  species  has  been  named. 
On  the  eighth  segment  is  a  slight  hump  with  two  small 
warts  and  on  the  last  segment  is  a  rather  large  dorsal 
hump  supporting  two  warts.  On  the  body  are  a  few  short 
and  scarcely  visible  hairs.  The  last  segment  and  the  last 
pair  of  feet  are  always  raised  when  the  caterpillar  is  at  rest, 
but  are  used  when  walking.  These  odd-looking  worms  are 
not  common,  but  may  be  found  during  August  and  Septem- 
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ber  when  they  have  reached  their  full  size.  According  to 
Saunders,  the  caterpillar  **at  first  eating  a  notch,  about  the 
size  of  its  body,  in  the  side  of  the  leaf  on  which  it  is  feeding, 
and  placing  itself  in  this  notch,  with  the  humps  on  its  body 
somewhat  resembling  the  irregularities  in  the  margin  of  the 
partly  eaten  leaf,  is  not  easily  detected."  Yet  notwith- 
standing this  similarity  to  the  edge  of  the  leaf,  expressed 
still  more  so  by  a  similar  caterpillar,  that  of  the  related 
lanassa  lignicolor,  there  are  few  worms  that  are  as  thor- 
oughly parasitized  by  Tachina-flies  as  these  apparently  so 
well  hidden  and  protected  ones.  The  mature  caterpillars 
measure  an  inch  and  a  quarter  in  length.  The}'  do  not  pos- 
sess the  gregarious  habits  as  some  ofthose  already  described, 
being  either  found  singly,  or  three  or  four  together  on  the 
sanve  twig.  Towards  September  the  caterpillar  descends  to 
the  ground,  and  here  it  constructs  under  fallen  leaves  or 
other  rubbish  a  thin  and  almost  transparent  papery  cocoon 
and  very  much  later  it  changes  to  a  brown  pupa,  in  which 
state  the  insect  hibernates. 

The  moth  is  not  a  showy  insect,  having  the  fore-wings 
light  brown,  variegated  with  patches  of  greenish- white,  and 


Fig.  112.— Schizura  uaicomis  S.  &  A.     After  Packard. 

with  many  darker  brown  wavy  lines,  ^wo  of  which  enclose 
a  small  whitish  space.  The  hind-wings  of  the  male  are  dirty 
white,  with  a  dusky  spot  on  the  inner  hind  angle;  those  of 
the  female  arc  sometimes  entirely  dusky.  The  body  is 
brownish,  with  two  narrow  black  bands  across  the  front 
part  of  the  thorax.  The  moth  spreads  nearly  an  inch  and  a 
half. 
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The  mimicry  of  the  larva  has  already  been  mentioned; 
that  of  the  moth  is  equally  interesting.  It  always  rests 
head  downwards,  with  the  legs  all  drawn  together,  and  its 
wings  folded  round  the  body,  which  is  stretched  out  at  an 
angle  of  about  45  degrees,  the  dull  gray  coloring  of  the 
wings  with  its  lichen-green  and  flesh-colors  give  the  whole  a 
perfect  resen\blance  to  a  piece  of  rough  bark  so  that  the 
deception  is  perfect.  Caterpillar  and  moth  are  shown  in 
Fig.  112  and  in  Fig.  113,  Plate  XIX. 

These  caterpillars  are  also  general  feeders  and  occur  In 
some  numbers  on  the  plum,  apple,  rose,  dogwood,  elder, 
wintergreen,  blackberry  and  raspberry.  They  can  not  be 
called  very  injurious,  as  they  are  not  common  enough  in  our 
State. 

THE  LONG-HORNED  PROMINENT. 

(Scbizura  ipomese  Doubleday). 

This  insect  is  also  not  very  common  in  our  State,  but  as 
its  larva  feeds  not  alone  on  oak,  maple,  birch,  etc.,  but  also 
on  the  blackberry  and  raspberry,  and  perhaps  on  the  plum, 
it  is  best  to  mention  what  is  known  about  it.  The  cater- 
pillars vary  considerably,  but  usually  they  are  green, 
speckled  with  purple.  There  is  also  a  faint  sub-stigmatal 
sulphur-yellow  line,  most  distinct  on  the  thoracic  joints,  and 
a  broad  pale  sub-dorsal  line  between  which  the  dorsum  is^ 
pale  lilaceous,  but -thickly  mottled  with  rich  purple-brown* 
and  ferruginous,  leaving  a  narrow  dorsal  line  distinctly 
marked.  Two  elevated  ferruginous  warts  occur  on  top  of.* 
joints  4  and  11.  The  head  is  large,  dark  green,  with  a  dis^- 
tinct  lateral  black  and  white  stripe.  The  caterpillar  differs 
from  that  of  unicornis  chiefly  by  the  spine  on  the  front  ab- 
dominal segment,  which  is  almost  three  times  as  large  and 
high  and  which  ends  in  a  deep  fork,  each  tine  of  which  bears 
a  stiff  truncated  spine.  When  full  grown  the  caterpillar 
makes  an  earthen  cocoon,  regular  oval  in  shape^  covered 
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with  sand  on  the  outside.  Like  all  members  of  the  Prom- 
inents  the  larva  remains  a  long  time  unchanged  inside  this 
cocoon,  which  is  one  reason  why  in  captivity  the  adult  in- 
sects are  so  difficidt  to  rear. 

**The  moth  is  purplish-gray,  tinged  with  sea-green  at 
base  and  along  costa  of  the  fore-wings;  frequently  with  a 
buff-colored  apical  patch  in  the  male.  Discal  spot  black, 
linear,  and  followed  by  a  blackish  shade.  Transverse  lines 
faint,  blackish,  wavy,  the  outer  lines  succeeded  by  areddish- 
brown  shade.  A  series  of  subterminal  dashes,  and  a  few 
white  marks.  Hind-wings  whitish  in  the  male,  dark-gray 
in  the  female.  Expanse  30  mm.**  Both  moth  and  cater^ 
pillar  are  illustrated  in  Figs.  114  and  115,  Plate  XIX. 

Two  other  Prominents  occur  in  Minnesota,  and  some- 
times they  are  found  in  large  numbers,  showing  that  their 
larvse,  which  feed  on  the  leaves  of  the  apple,  hawthorn, 
walnut,  basswood,  maple  and  oak,  are  more  or  less  injur- 
ious, though  they  never  have  been  numerous  enough  to 
cause  serious  injury.  The  descriptions  given  by  Beuten- 
mueller,  in  his  '*  Descriptive  Catalogue  oi.  tht  Bomby cine 
Moths,  etc.y*^  are  given  below. 

Heterocampa  manteo  Doubl. 

"Moth.— Fore-wings  ash-gray,  varying  from  light  to 
dark  gray,  with  three  scalloped,  darker,  transverse  lines, 
the  scallops  fille'd  with  light  gray.  A  large  discal  pale-gray 
spot  containing  two  small  black  dots;  costa  before  apex 
with  short  black  dashes.  Terminal  edge  notched  with  black 
dots.  Hind-wings  uniform  mouse  color,  fringes  paler.  Ex- 
panse, 40-50  mm. 

**  Caterpillar. — Head  dull  opaque  umber,  with  a  broad 
darker  brown  line  edged  with  white  on  each  side  meeting  the 
vertex.  Body  green  with  a  broad  subdorsal  and  two  nar- 
row yellow  lines.  The  sides  of  the  first  three  segments 
dotted  with  reddish  pink,  and  there  is  a  reddish  streak   on 
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the  ontsidei  of  the  anal  legs.  The  subdorsal  lines  diverge  on 
the  first  segment,  and  on  the  next  two  segments  are  edged 
within  with  pinkish  red  lines.  The  space  between  the  dor- 
sal lines  is  more  or  less  filled  with  pinkish-red,  and  with  a 
narrow  yellow  line  along  the  back,  beginning  on  the  fourth 
segment.  Body  elongate,  with  slight  traces  of  a  hump  on 
the  last  segment,  otherwise  smooth.  Length,  35  mm. 
Doable  brooded  and  not  common.  The  caterpillar  is  sub- 
ject to  variation,,  especially  in  the  red  markings  along  the 
back;  sometimes  the  space  between  the  subdorsal  stripes 
is  filled  in  solidly  with  deep  red,  and  only  interrupted  by  the 
yellow  dorsal  line.  It  spins  a  rude  cocoon  on  the  ground  or 
under  the  surface." 

The  moth  and  caterpillar  are  shown  in  Figs.  116and  117- 


Pi^.  116  and  117. ^HeterocMtnpM  maatco  Doabl.    Moth  and  Caterplllan 
After  Packard. 

Heterocampa  guttivitta  Walker. 

**Fore-wings  whitish-gray,  with  darker  shades;  the  mark- 
ings are  like  those  of  ff.  biundata,  but  the  subterminal  row 
of  spots  is  straight,  and  not  bent  as  in  the  latter  species; 
hind-wings  gray.    Expanse,  40-50  mm. 

Caterpillar:— Head  large  with  a  short,  lateral  four- 
colored  stripe  of  black,  white  and  pink  with  the  outside 
yellowish.    Body  green,  finely  speckled  with  dark  red  brown 
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along  the  sides.  Dorsal  line  snow  white  fading  into  yellow- 
ish on  the  sides,  where  there  is  a  series  of  fine  dark  red  black 
dots;  the  line  is  widest  on  the  fifth  and  sixth  segments  and 
at  the  sature  of  the  seventh  and  eight  segments  connects  by 
a  nan  t^wneck  with  the  posterior  division  of  the  oand,  which 
contains  a  whitish  line  in  the  middle,  bearing  reddish  dots 
on  each  side.  Sides  of  the  tenth  to  the  twelfth  segments 
white,  including  the  upper  part  of  the  anal  legs,  which  are 
marked  with  a  red  line.  Thoracic  feet  green,  with  a  black 
dot  in  the  middle.    Length,  35  mm. 

Not  common  and  possibly  double  brooded,  the  very 
young  caterpillar  is  reddish  brown  with  nine  pairs  of  long 
horns  like  the  atitlers  of  a  deer.  The  first  pair  are  much 
longer  than  the  rest,  each  with  four  very  long  branches.*' 

The  moth  and  caWrpillar  are  shown  in  Figs.  118  and  1 19. 


-Pigs.  118  and  119.— Heterocamp*  f^uitivitta  Walk.    Moth  and  Caterpillar, 
r^.*-  After  Packard. 

THE  FORKED-TAIL  CATERPILLAR, 

-  ♦  - 

/  ^  ( Cerura  borealis  Bd v. ) . 

^' '  •        There  are  few  caterpillars  that  are  more  odd  and  pecu- 

liar in  form,  posture  and  motion,  than  those  of  the  genus 
Cerura.  Their  body  is  naked,  short  and  thick,  tapers  be- 
hind, and  ends  with  a  forked  kind  of  tail,  which  is  held  up- 
wards at  an  obtuse  angle  with  the  rest  of  the  body.    This 
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forked  tail,  which  takes  the  place  of  the  hindmost  pair  of 
legs,  is  not  used  in  creeping,  but  is  used  as  an  organ  of 
defense.  It  consists  ot  two  movable  hollow  tubes,  within 
each  of  which  is  concealed  a  long  drange-colored  thread  or 
flagellum,  which  the  insect  can  push  out  and  draw  in  at  will. 
If  the  caterpillar  is  disturbed  it  suddenly  erects  and  separates 
the  two  tubes,  and  pushes  out  the  brightly  colbred  whip- 
like threads,  wh'ich,  as:  they  lash  any  intruder,  give  off  at 
the  same  time  a  peculiar  odor,  no  doubt  ofiFensive  to  the 
same.  The  caterpillar  of  borealis  feeds  upon  the  wild  cherry 
and  other  allied  plants.  Its  head  is  reddish-brown.  The 
first  very  broad  segment  is  square  in  front  on  the  sides,  and 
ends  in  a  low  projection,  which  looks  somewhat  like  the 
hood  of  a  monk.  The  body  is  pale  yellowish-green,  with  a 
dorsal  median  reddish-brown  band,  beginning  at  each  angle 
on  the  first  segment,  and  naiTOwing  on  the  second  and 
third  segments,  it  begins  to  widen  again  on  the  fourth,  be- 
coming wjdest  on  the  seventh,  and  extending  down  each  side 
near  the  base  of  the  abdominal  legs;  it  contracts  and  be- 
comes narrowest  on  the  end  of  the  tenth  segment,  and 
widens  a  little  on  the  last.  The  red  patch  is  sometimes 
more  or  less  interrupted  by  the  ground  color.  The  anal-plate 
is  triangular,  rounded  at  end ;  the  tails  are  long,  brown, 
with  three  pale  rin^s  on  the  outer  half.  Thoracic  feet  deep 
red ;  abdominal  legs  pale,  tips  reddish. 

The  caterpillars  eat  a  flat  depression  into  wood,  over 
which  they  spin  an  oval  cocoon,  mixed  with  particles  of 
wood.    This  cocoon  is  diflicult  to  detect  and  very  hard. 

The  moth  has  a  white  head  and  thorax,  the  latter  being 
bluish-black  in  the  centeY.  The  fore-wings  are  white,  with  a 
very  broad  grayish-black  median  band  with  irregular  edges, 
contracting  about  the  middle.  Outside  is  a  blackish  shade 
across  the  wing.  The  space  between  the  band  and  shade  is 
white,  with  two  distinct  black  spots  on  the  costa,  followed 
by  two  rows  each  of  four  small  spots.  The  outer  and  basal 
parts  of  the  wings  are  white,  the  former  with  a  terminal 
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row  of  black  spots,  the  latter  with  a  row  of  four  black  spots 
and  one  spot  near  the  base  of  the  wing.  The  hind-wings  of 
male  are  whitish  with  a  small  black  discal  spot,  a  terminal 
row  of  spots  and  a  dusky  patch  at  hind  angle;  in  the  female 
the  hind-wings  are  dusky.    Expanse,  38-43  mm. 

;^  The  curious  caterpillar  is  shown  in  Fig.  120;  the  moth 

^      .         in  Fig.  121,  Plate  XIX. 


Pig.  120.— CervtM  horealis  Bdv, caterpillar.    After  Packard. 
FAMILY  SATURNHD^  OR  GIANT  SILK-WORMS. 

Among  this  family  we  find  the  giants  of  North  American 
moths,  some  of  them  expanding  four  inches  and  ipore;  in  the 
tropics  they  are  represented  by  moths  that  have  a  spread  of 
wings  sometimes  fully  twelve  inches.  The  larvae  of  all  spin 
more  or  less  bulky  silken  cocoons,  and  are  interesting  on 
that  account  as  the  silk  could  be  made  of  use,  being  very 
strong.  Formerly  the  genuine  Chinese  Silk-worm  was 
classed  among  these  insects. 

THE  CECROPIA  SILK-WORM. 

{Attacus  cecropia  Linn. ) . 
The  great  size  and  peculiar  coloration  of  this  large  silk- 
producing  caterpillar  (Fig.  122)  makes  it  an  object  eaf^ily 
recognized.  It  is  nearly  four  inches' long,  of  a  pale  limpid- 
green  color,  and  as  thick  as  a  man's  thumb.  It  bears  on  the 
third  and  fourth  segments  large  warts  or  tubercles  of  a 
coral-red  color,  which  resembles  small  ripe  strawberries;  the 
other  tubercles  on  the  back  of  the  caterpillar  are  smaller 
and  yellow,  excepting  those  on  the  last  segments  which  are 
blue. 
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Both  the  front  and  hind-wings  of  the  adult  (Fig.  123, 
Plate  XIII)  are  of  a  rich  brown,  the  anterior  pair  grayish, 
shaded  with  red,  the  posterior  more  uniformly  brown,  and 
about  the  middle  of  each  of  the  wings  is  a  nearly  kidney- 
shaped  white  spot,  shaded  more  or  less  with  red,  and  mar- 
gined .with  black.  A  wavy  dull-red  band  crosses  each  of  the 
wings,  edged  within  with  white,  the  edging  wide  and  distinct 
on  the  hind-wings,  and  more  or  less  faint  on  the  front  pair. 
The  outer  edges  of  the  wings  are  of  a  pale,  silky  brown  in 


Pis.  122. — Attacus  cectopia  Linn.;  caterpillar.    After  Riley. 

which,  on  the  anterior  pair,  runs  an  irregular  dull-black 
line,  which  on 'the  hind-wings  is  replaced  by  a  double  broken 
band  of  the  same  hue.  The  fore- wings,  next  to  the  shoulders, 
are  dull  red,  with  a  curved  white  and  black  band,  and  near 
their  tips  is  an  eye-like  spot  with  a  bluish-white  crescent. 
The  upper  side  of  the  body  and  the  legs  are  dull  red,  with  a 
wide  band  behind  the  head  and  the  hinder  edges  of  the  rings 
of  the  abdomen  white ;  the  under  side  of  the  body  is  also 
marked  with  white. 

The  cocoon  is  about  three  inches  long  and  an  inch  or 
more  broad  in  its  widest  part,  pod-shaped,  of  a  rusty  gray 
or  brownish  color;  it  is  formed  of  two  layers  of  silk,  the 
outer  one  not  unlike  strong  brown  paper,  and  within  this  a 
quantity  of  loose  silken  fibres  covering  an  inner,  oval,  closely 
woven  cocoon,  containing  a  large  brown  pupa.  Snugly  en- 
closed within  this  double  wrapper  the  pupa  remains  unin- 
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jured  by  the  variations  of  temperature  during  the  winter. 
Late  in  May  or  early  in  June  the  pupal  case  is  ruptured  by 
the  struggles  of  its  occupant,  and  the  newly  bom  moth 
begins  to  work  its  way  out  of  the  cocoon;  to  lessen  the 
labor  a  fluid  is  secreted  about  the  mouth,  which  softens  the 
fibres;  then  a  tearing,  scraping  sound  is  heard,  made  by  the 
insect  working  with  the  claws  on  its  fore-feet,  pulling  away 
the  softened  threads  and  packing  them  on  each  side  to  make 
a  passage  for  its  body. 

The  natural  enemies  of  this  species  are  usually  sufficient 
to  present  an  undue  increase  of  these  voracious  caterpillars, 
but  if  for  some  reasons  such  enemies  are  absent  the  cater- 
pillars become  very  numerous  and  destructive.  This  is 
especially  true  in  the  windbreaks  in  our  open  prairies,  where 
they  cause  sometimes  considerable  trouble.  Orchards  and 
nurseries  also  suffer  from  time  to  time,  but  as  a  general  rule 
these  insects  are  not  numerous  enough  to  inflict  serious  in- 
jury. Their  large  size,  and  their  work  in  defoliating  trees 
and  shrubs,  soon  attract  attention,  and  they  csln  readily  be 
removed  by  hand-picking.  The  caterpillars  are  destroyed 
by  numerous  parasitic  insects,  chief  among  which  are 
Tachina  flies.  (Fig.  124,  Plate  XIV.)  the  Longtailed  Ophion 
(OpAion i22acn7ra/n),theCecropiaChalcis-fly  {Smicra  mariss^j 
Cecropia  Crypt  us  (Cryptus  extrematis)  and  others.  Birds 
are  afeo  effiective  in  destroying  both  caterpillars  and  pupae; 
the  Hairy  Wood-pecker  eats  the  pupae  of  a  large  number  of 
cocoons  during  the  winter.  Many  others  are  destroyed  by 
the  Blue-Jay,  and  by  our  odoriferous  friends  the  Skunks,  who 
find  most  of  the  cocoons  formed  near  the  ground. 

The  caterpillars  of  this  moth  are  very  general  feeders, 
and  in  1882  in  Papilio  a  list  of  49  species  of  plants  belong- 
ing to  20  genera  was  given  as  their  food  plants.  Since  that 
time  many  other  plants  have  been  found  that  are  to  the 
taste  of  these  voracious  feeders,  and  among  them  apples, 
plums,  cherries,  all  kinds  of  small  fruit  with  the  exception  of 
the  grape-vine;  other  cultivated  plants  also  furnish  food. 
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THE  POLYPHEMUS  SILK-MOTH. 

{Telea  poljrpbemvs  Linn,). 

The  caterpillar  (Fig.  125)  of  this  large  moth  is  quite 
different  from  that  of  the  cecropia^  being  of  a  limpid  light 
yellowish-green  color,  with  seven  oblique  pale  yellowish 
lines  on  each  side  of  the  body ;  it  lacks  the  prominent 
tubercles,  but  has  in  their  place  little  black  wart-like  pro- 
cesses which  give  rise  to  small  and  stiff"  bristles.  The  seg- 
ments, which   have  the  spaces    between    them  deeply  in- 


Plg.  12S. — Telea  polypbemus  Linn.;  caterpillar  and  pnpa.    After  Riley. 

dented,  are  each  adorned  with  six  wart-like  processes 
or  tubercles,  which  are  sometimes  tinted  with  orange; 
each  segment  has  a  small  silvery  spot  on  the  middle.  The 
head  and  anterior  feet  are  pale-brown,  the  spiracles  pale- 
orange,  and  the  terminal  segment  is  bordered  by  an  angular 
band  resembling  the  letter  '*  V,"  of  a  purplish-brown  color. 
When  mature  the  caterpillar  spins  a  cocoon  and  selects  for 
this  purpose  the  leaves  of  the  tree  upon  which  it  fed,  by 
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drawing  them  together  and  by  fastening  some  of  them  very 
firmly  to  the  outside  of  the  cocoon.  This  latter  is  oval  in 
shape,  of  a  brownish-white  color,  and  is  completely  closed^ 
differing  in  this  respect  from  that  of  the  cecropia,  which  is 
open  at  one  end.  As  a  general  rule  the  cocoons  drop  to  the 
ground  with  the  leaves  in  autumn  a^d  remain  there. 

Late  in  the  spring  the  moth  appears.  It  is  shown  in 
Fig.  126,  Plate  XIII.  Its  wings  expand  from  five  to  six  in- 
ches, and  are  of  a  dull,  ochre-yellow  color,  sometimes  of  a 
rich  buffi  or  inclined  to  a  pale-gray  or  cream  color,  -or  they 
possess  a  deeper  and  almost  brovv^n  color.  Towards  the 
base  of  the  wings  they  are  crossed  by  an  irregular  pale- 
white  band,  margined  with  red ;  near  the  outer  margin  is  a 
stripe  of  pale  purplish- white,  bordered  within  by  one  of  rich 
brown.  About  the  middle  of  each  wing  is  a  transparent 
eye-like  spot,  divided  transversely  by  a  slender  line,  and  en- 
circled by  yellow  and,  black  rings.  On  the  hind-wings  these 
spots  are  more  eye-like  in  shape,  and  are  bordered  with  yel- 
low, with  a  line  of  black  edged  with  blue  above  and  the 
whole  set  in  a  frame  made  of  an  oval  spot  of  rich  dark- 
brown,  the  widest  portion  of  it  being  above  the  eye-spot, 
where  it  is  sprinkled  also  with  bluish  specks.  The  front 
edge  of  the  fore-wings  is  gray. 

The  eggs,  which  measure  about  one-tenth  of  an  inch  in 
diameter,  are  slightly  convex  above  and  below,  the  convex 
portions  being  whitish,  and  the  sides  being  brown.  Each 
female  deposits  upon  the  under  side  of  leaves  from  two  to 
three  hundred  eggs,  which  hatch  in  the  course  of  about  ten 
days.  While  the  female  is  flying  about  and  engaged  to 
deposit  these  eggs  she  looks  very  much  like  a  bat. 

This  handsome  insect  has,  like  the  cecropia^  feathered 
antennae  in  both  sexes;  those  of  the  males  are  very  biH>ad, 
almost  looking  like  a  third  pair  of  small  wings.  These  an- 
tennae contain  an  immense  number  of  sense  organs.  The 
females,  which  do  not  fly  before  their  eggs  are  fertilized,  are 
quite  sluggish  until  that  time.  Virgin  females  can  be  utilized 
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to  "semble,"  which  means  that  large  numbers  of  males  can 
be  attracted  to  them  and  can  thus  be  collected  and  killed. 

This  insect  has  also  many  enemies  which  usually  keep  it 
in  check.  It  is  also  a  very  voracious  and  general  feeder,  eat- 
ing the  foliage  of  plum,  apple,  walnut,  butternut,  rose,  oak 
and  others. 

THE  LUNA  MOTH, 

{Actias  luna  Linn.). 

There  are  few  insects  as  beautiful  as  this  moth,  which 
has  an  expanse  of  wings  of  about  four  and  a  half  inches. 
The  hind-wings,  instead  of  being  rounded  as  is  usual  with 
moths,  have  the  anal  part  extended  into  a  broad  tail,  curv- 
ing somewhat  outward,  an  inch  and  three-quarters  beyond 
the  rest  of  the  outer  margin.  The  color  of  the  wings  varies 
in  intensity,  but  they  are  usually  of  an  even,  delicate,  bluish- 
green  color,  sometimes  verging  into  yellowish,  with  a  little 
eye-like  spot  on  each  wing  consisting  of  a  small  clear  center 


Fig.  127.'-Achia»  luam  Linn.    Caterpillar.     After  Riley. 

encircled  with  lines  of  red  and  black.  The  anterior  border 
of  the  fore- wings  is  broadly  margined  with  purple  or  pur- 
plish-brown ;  the  same  color  occurs  upon  the  collar,  feet  and 
legs;  the  body  of  the  moth  is  of  a  soft  white.  (Fig.  128, 
Plate  XV.) 
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The  caterpillar  (Fig.  127)  of  this  striking  moth  resembles 
somewhat  that  of  the  pofypbemus.  It  is  of  a  clear,  pale 
bluish-green  color,  with  a  yellow  stripe  on  each  side  of  the 
body;  the  back  is  crossed  between  the  segments  by  trans- 
verse lines  of  yellow.  On  each  segment  are  about  six  minute, 
pearl-colored  warts,  tinged  with  purple  or  rosy  color ;  from 
each  arise  a  few  hairs.  At  the  extremity  of  the  body  are 
three  brown  spots  edged  with  yellow.  When  full  grown  it 
draws  together  several  leaves,  fastens  them  with  silken 
threads,  and  spins  inside  this  hollow  space  a  cocoon  very 
much  resembling  that  of  the  preceding  species;  it  falls  like  it 
to  the  ground  with  the  leaves  in  autumn..  The  cocoon  is 
qhite  thin  and  pdpery  and  so  compact  that  it  can  not  well  be 
unwound. 

The  colors  of  the  moths  vary  according  to  the  food  con- 
sumed by  the  caterpillars.  If  fed  on  the  foliage  of  hickory 
their  color  is  yellowish-green^  if  on  black  walnut  it  is  a  much 
more  vivid  green,  and  the  markings  and  borders  are  much 
darker  and  more  plainly  marked.  In  fact,  in  some  very 
brightly  colored  specimens  there  is  a  wavy  band  of  purple 
parallel  to  the  outer  borders. 

This  insect  occurs  in  Minnesota  wherever  hickories  and 
walnuts  grow,  but  as  the  caterpillars  are  also  much  preyed 
upon  by  parasites  it  is  not  likely  to  become  a  serious  pest. 

Still  another  species  of  native  silk-worms  has  been 
reported  from  the  state,  but  must  be  very  uncommon,  at 
least  no  specimens  have  been  seen  by  the  writer.  It  is  the 
Prometheus  Moth  {Callosamia  prometbea  Drury).  The 
sexes  of  this  moth  diflfer  greatly,  both  in  shape  of  wings,  in 
color,  and  in  the  pattern  of  their  marking. 

THE  lO  EMPEROR  MOTH. 

{Hjrpercbiria  lo  Linn. ) . 

This  is  also  a  very  beautiful  insect  (Fig.  129,  Plate  XVI), 
but  it  is  not  as  common  as  the  other  silk-producing  species. 
The  sexes  vary  very  greatly,  both  in  size  and  color.    The 
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smaller  male  is  deep  yellow,  with  rather  faint  purplish- 
brown  markings;  on  the  fore-wings  are  two  oblique  wav3' 
lines  near  the  outer  margin,  a  zig-zag  line  near  the  base,  and 
other  blackish  dots  and  markings.  The  hind-wings  are  of 
a  deeper  ochre-yellow,  and  are  shaded  with  purple  next  the 
body;  within  the  hind  margin  is  a  curved  purplish  band, 
and  inside  this  a  smaller  and  darker  one,  while  in  the  middle 
of  each  hind- wing  is  a  large,  round  and  blue  eyes  pot,  with  a 
broad  black  border  and  a  central  white  dash.  The  antennae 
of  the  male  are  beautifully  feathered ;  the  wings  measure, 
when  expanded,  about  two  and  a  half  inches  across.    In  the 


Pig.  130. — Hjrpcrcbiria  lo  Linn.;  caterpillar;  a,  b,  c,  branching  spines,  enlarged. 

After  Riley. 


female  the  wings  are  purplish-brown,  the  transverse  lines 
gray  and  much  more  prominent,  and  there  is  a  somewhat 
dusky,  pale-margined,  nearly  kidney-shaped  discal  spot;  the 
hind-wings  are  very  similar  to  those  of  the  male;  the  thorax 
and  legs  are  purplish-brown,  the  abdomen  ochre-yellow, 
with  a  darker  edging  on  each  ring. 
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The  female  deposits  her  eggs  in  clusters  of  twenty  or 
thirty.  They  are  about  one-sixteenth  of  an  inch  long,  top- 
shaped,  of  a  creamy-white  color,  with  a  yellowish  spot 
above.  When  young  the  dark-colored  caterpillars  pro- 
duced from  one  cluster  of  eggs  are  gregarious,  following 
each  other  in  regular  order,  hut  as  they  grow  older  they 
scatter,  each  shifting  for  itself  The  caterpillar  (Fig.  130) 
reaches  its  full  size  during  August,  when  it  measures  two 
inches, and  a  half  in  length.  It  is  now  of  a  delicate  pale 
green  color,  paler  and  whitish  along  the  back,  with  a  broad 
brown  stripe  edged  with  white  and  reddish  lilac  on  each 
side;  t^e  breathing-pores  are  yellow,  ringed  with  brown. 
The  body  is  covered  with  clusters  of  green  and  branching 
spines,  tipped  with  black,  which  arise  from  small  warts,  of 
which  there  are  a  number  on  each  segment.  These  spines  are 
very  sharp  and  possess  strong  urticating  properties,  so  if  the 
insect  is  handled  carelessly  the  points  of  the  spines  enter  the 
skin,  and  breaking  off  fill  the  wound  with  an  acid,  which  can 
produce  on  the  more  tender  portions  of  the  skin  a  considerable 
irritation  accompanied  by  redness  and  raised  white  blotches, 
very  similar  to  those  caused  by  the  common  stinging  nettle. 
The  irritation  is,  however,  not  so  great  as  if  produced  by  the 
spines  of  the  larvae  of  some  of  the  slug-worms.  As  soon  as 
mature  the  caterpillar  descends  to  the  ground,  where  it  spins 
a  thin,  irregular  and  somewhat  parchment-like  cocoon  made 
of  tough,  gummy  and  brown  silk,  among  and  below  dead 
leaves  and  other  rubbish.  The  enclosed  pupa  is  short  and 
thick,  pale-brown,  and  is  ornamented  with  a  few  reddish 
bristles  on  the  abdominal  joints  and  a  tuft  of  the  same  at 
the  end. 

s 

These  stinging  caterpillars  are  also  very  general  feeders, 
being  found  on  a  great  variety  of  plants,  among  them 
plum,  apple,  currant,  thorn,  corn,  clover,  elm,  oak,  willow 
and  others. 

If  this  insect  ever  becomes  numerous  it  can  easily 
be  subdued  by  hand-picking,  providing  the  necessary  cau- 
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tion  is  taken  to  guard  against  its  poisonous  spines,  which 
will,  however,  not  penetrate  through  thick  gloves.  A  large 
number  of  parasites  are  not  afraid  of  this  well-armed  cater- 
pillar and  usually  keep  it  in  check. 

FAMILY  HEMILEUCIDS  OR  HEMILEUCIDS. 

« 

This  small  family  contains  but  a  few  rather  large  and 
conspicuously  marked  insects.  The  antennae  are  broadly 
pectinated  in  the  males  and  narrowly  so  cfr  nearly  serrate  in 
the  females.  There  is  only  a  single  pair  of  teeth  to  each  seg- 
ment of  the  antennae.  The  thorax  and  abdomen  are  usually 
thickly  clothed  with  long  wooly  hair.  But  otie  species 
occurs  in  Minnesota. 

THE  BUCK  MOTH  OR  MAIA-MOTH. 

{Hemileuca  maia  Drury). 
This  is  still  another  caterpillar  which  is  much  more  pois- 
onous than  any  of  those  already  described.  It  is  very  com- 
mon in  Minnesota,  and  feeds  on  the  wild  cherry  and  apple,, 
but  chiefly  on  the  red  oak  and  willows,  where  it  can  cause 
considerable  damage,  as  it  is  a  most  voracious  feeder.  The 
caterpillar  is  brownish-black,  with  six  spined  tubercles  on 
each  segment,  except  on  the  eleventh,  where  there  is  only 
one  dorsal  tubercle;  an  additional  one  is  found  on  segments, 
one  to  five,  and  also  on  segments  ten  to  twelve.  The  spines^ 
on  these  tubercles  are  more  or  less  branched;  some  are  trun- 
cate at  the  tip  and  bear  bristles.  Those  on  the  back  are 
rusty-yellow,  tipped  with  black,  with  a  few  wholly  black  in 
the  center  of  each  branch.  The  other  branched  spines  are 
black  with  the  blunt  ends  white,  and  the  spinules  arising 
from  them  dusky.  The  breathing-pores  are  pale  and  nar- 
rowly oval:  The  underside  of  the  caterpillar  is  yellowish 
along  the  middle;  the' head  is  light-reddish-brown;  the  thor- 
acic legs  are  also  light  brown,  but  the  prolegs  are  lighter, 
inclining  to  Venetian  red.  When  full  grown  the  caterpillar 
measures  a  little  over  two  inches  in  length.  Fig.  131  shows 
the  caterpillar,  and  Fig.  132,  Plate  VIII,  the  moth. 
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The  sting  of  these  caterpillars  is  really  quite  severe,  and 
it  is  not  easy  to  handle  them  with  impunity.  The  insects 
themselves  lack  the  power  of  stinging  us,  and  it  is  simple 
carelessness  on  our  part  if  we  are  injured  at  all.  The  eflfect 
of  these  stings  is  violent  pain,  a  reddening  of  the  punctured 
'  parts,  and  the  early  appearance  of  raised  whitish  blotches, 
followed  later  by  purplish  spots,  which  do  not  disappear  for 
several  days. 


Fig.  131. — Hemileuea.  maia  Drury;  ckKs;  «•  caterpillar;  b,  papa;  c.  d,  c,  /;  ^,  spines. 
From  Div.  of  Bntomolofcy,  Dep.  of  Agriculture. 

When  mature  all  the  caterpillars,  which  are  gregarious 
throughout  their  existence^  enter  the  ground,  and  there  in  a 
«imple  oval  cell,  each  one  sheds  its  prickly  skin  and  assumes 
the  pupal  state.  The  pupa  is  of  a  deep  brownish-black 
•color,  heavy,  rounded  anteriorly,  and  minutely  roughened, 
except  the  sutures  of  legs  and  wing-sheaths,  where  it  is 
•smooth  and  polished.  The  abdomen  ends  in  a  triangular, 
flattened  and  ventrally  concave  tubercle,  which  is  topped 
with  a  few  curled,  blunt,  and  rufous  bristles. 
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The  moths,  which  fly  here  in  Minnesota  late  in  Septem- 
ber and  the  first  part  of  October,  diflFer  in  habits  from  those 
of  most  other  genuine  moths  by  flying  in  mid-day.  They  are 
modest-looking  but  truly  elegant  insects.  Their  wings  are 
so  lightly  covered  with  scales  that  they  are  semi-transpar- 
ent, and  look  like  delicate  black  crape.  The  bands  across 
them  are  creamy-white,  and  broadest  on  the  hind-wings. 
These  bands  vary  greatly  in  width,  and  some  are  almost 
obsolete,  while  in  othercases  they  are  very  broad.  The  male 
differs  from  the  female  in  having  broader  black  antennae  and 
a  smaller  abdomen,  tipped  with  a  large  tuft  of  brick-reds 
hair.  Its  color  is  cream-white,  and  the  black  hairs  of  the 
body  are  more  or  less  sprinkled  with  hairs^of  the  same  pale 
color.  The  female  has  the  lower  side  of  the  antennae,  the 
hair  on  the  thighs,  and  two  small  tufts  behind  the  thorax  of 
a  brick-red  color.  She  deposits  her  eggs  (See  Fig.  131)  in 
naked  belts  of  from  100  to  200  eggs;  these  ?are  only  fastened 
togetherby  a  little  glue  and  are  not  deposited  in  perfect  order. 
Each  egg  is  obovate,  about  0.05  inch  long,  compressed  at 
the  sides  and  apex,  and  of  a  dirty  yellowish  color. 

There  are  some  very  curious  points  in  the  life  history  of 
this  moth.  The  caterpillars,  all  bom  at  the  same  time,  from 
eggs  deposited  by  one  mother^  feed  side  by  side  upon  the 
same  plant  until  mature  when  all  enter  the  ground  at  about 
the  same  time  and  transform  to  pupae.  Yet  out  of  200 
pupae  thus  formed  at  the  same  time  early  in  July  only  117 
moths  issued  in  the  same  year,  while  the  rest  remained  in  the 
ground  fully  a  year  longer  when  most  of  them  issued. 

FAMILY  CERATOCAMPID^  OR  ROYAL  MOTHS. 

This  is  a  small  family  of  fairly  large  or  very  large  moths, 
the  caterpillars  of  which  are  usually  furnished  with  horns, 
spines  or  similar  processes.  The  moths  are  sometimes  con- 
trastingly colored,  and  distinguished  by  having  the  antennae 
in  the  male  feathered  for  only  a  portion  of  the  distance. 
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As  a  general  rule  these  insects  are  not  injurious  to  our 
fruit-trees,  but  infest  other  trees,  such  as  oaks  and  maples. 
They  not  infrequently  become  so  numerous  and  destructive 
that  but  few  leaves  are  left  on  the  oak  trees  covering  many 
square  miles  and  one  cannot  step  upon  the  ground  under  the 
trees  without  stepping  upon  some  ofthese  hungry  worms.  One 

species,  however,  is  found 
not  alone  on  the  oak,  but 
occurs  also  upon  the  rasp- 
berry and  blackberry.  It 
is  the  Orange  s  triped  Oak- 
worm  {Anjsota  senatoria 
Hub.).  The  caterpillars 
have  a  jet-black  head;  the 
body  is  dull-black,  with 
four  dull-orange  stripes 
along  each  side,  and  a 
trace  of  a  fifth  stripe 
along  the  base  of  the  legs; 
all  the  stripes  run  to  the 
end  of  the  eleventh  seg- 
ment; the  last  segment  is 
black.  The  under  side  is 
marked  with  a  broad  yel- 
low stripe  along  the 
middle.  On  each  side  of  the  second  segment  is  a  slender, 
long,  slightly  curved  horn,  and  along  each  side  of  the  body 
three  rows  of  short  spines.  The  caterpillars,  of  which  we 
have  only  one  annual  brood,  measure  4-5  mm.  in  length.  A 
caterpillar  is  shown  with  other  oak  feeding  caterpillars  in 
Fig.  134. 

The  sexes  of  this  moth  vary  greatly.  The  male  has  och- 
reous-brown  wings  with  a  purplish  tinge;  the  fore-wings  are 
semi-transparent  in  the  middle.  There  is  a  conspicuous 
white,  round  discal  spot  and  ^  dark  oblique  line,  from  a 
little  before  the  apex  across  the  wing,  parallel  with  the 


Fig:.   133. — Anisota    senatoria    Hub.;  male 
below,  female  above.    Original. 
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outer  margin.  The  hind-wings  are  opaque.  The  female  is 
very  much  paler  in  color;  it  expands  from  45-60  mm.,  the 
male  from30-38mm.    Both  sexes  are  illustrated  in  Fig.  133. 


FAMILY  BOMBYCID^  OR  TRUE  SILK- WORMS. 

The  Genuine  Silk  worm  {Bombyx  tnori  Linn.)  belongs 
here.  It  is  not  a  native  of  the  United  States,  but  is  frequently 
bred  in  this  country  either  for  its  silk  or  for  curiosity. 
The  moth,  which  in  course  of  time  has  become  dwarfed  to 
such  an  extent  as  to  be  unable  to  fly,  is  cream-colored,  with 
two  or  three  more  or  less  distinct  brownish-lines  across  the 


"Pig.  135.— Bombj'S  niori  Linn. 


fore-wings.  The  head  is  small;  the  antennae  are  pectinated 
broadly  in  both  sexes.  The  silk-worms  are  usually  fed  upon 
the  leaves  of  the  mulberry,  but  not  upon  those  of  our  Araer- 
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ican  species,  which  arc  unsuitable.  The  wilted  leaves  of  the 
osage  orange  can  also  be  used.  The  diflFerent  states  of  this 
important  moth  are  shown  in  Fig.  135. 

FAMILY  LASIOCAMPIDS  OR  LASIOCAMPIDS. 

This  family  includes  the  destructive  tent-caterpillars  and 
the  tappet  moths.  The  adults  are  stout-bodied  and  hairy 
moths  of  medium  size.  The  antennae  are  pectinated  in  both 
sexes,  those  of  the  males  being  usually  longest. 

TENT-CATERPILLARS. 

There  a^e  but  few  insects  that  are  better  known  to  per- 
sons interested  in  fruit  and  shade  trees  than  the  different 
kinds  of  tent-caterpillars,  which  occur  throughout  the  north- 
ern regions  of  the  globe,  and  of  which  numerous  species  have 
been  described.  All  are  similar  in  general  appearance  and 
habits.  In  the  United  States  they  are  called  *'  Tent-caterpil- 
lars," because  here  one  of  the  most  common  species  is  distin- 
guished by  its  habit  of  forming  a  large  silken  tent  for  the 
home  and  protection  of  a  whole  community  of  worms.  All 
tent-caterpillars,  however,  spin  a  large  amount  of  silk,  only 
their  tents  are  not  as  conspicuous  as  in  the  above  species. 
In  Europe,  but  especially  in  Germany,  they  are  called  **Rin- 
gelspinner"  from  the  small  ring  or  ringlet-like  egg-masses, 
which  the  females  deposit  around  a  small  twig  of  the  tree 
selected  for  this  purpose.  The  illustrations  show  that  both 
popular  names  are  well  selected,  since  they  express  a  habit 
readily  perceived. 

In  Minnesota  we  have  to  deal  with  two  species  of  tent- 
caterpillars,  which  are  always  common  in  certain  well- 
defined  localities,  and  sometimes  exceedingly  so,  as  for 
instance  in  1898,  when  in  many  parts  of  the  State  they 
devoured  the  foliage  of  all  kinds  of  trees  growing  in  orchards 
and  forests.    Few  insects  have  a  more  interesting  life-history 
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than  these  caterpillars,  and  it  pays  to  study  it  carefully,  as 
by  so  doing  a  number  of  excellent  remedies  will  suggest 
themselves  and  can  be  used  to  assist  us  in  a  war  against 
them. 

THE  ORCHARD  TENT-CATERPILLAR. 

{Clisiocampa  amencana  Harr.). 

The  adult  insects  of  this  species  measure  with  wings  ex- 
panded a  little  more  than  one  and  a  half  inches;  they  are 
reddish-brown,  and  the  fore-wings  are  tinged  with  gray  on 


Vig.   136  —Clisiocampa    American  a    Harr.;     a,    b,    mature 
caterpillars;  c,  egg  mass;  cf,  cocoon.      After  Riley. 

the  base  and  middle,  and  are  crossed  by  two  oblique  lighter 
stripes.  As  they  fly  only  at  night  they  are  not  often  seen;  in 
places,  however,  where  powerful  electric  lights  are  used 
many  are  attracted  and  thus  can  be  collected  in  large  num- 
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bers.  The  moths  take  no  food,  hence  they  can  spend  all 
their  energy  to  search  for  suitable  places  in  which  to  deposit 
their  eggs.  In  this  manner  they  sometimes  fly  a  long  dis- 
tance, and  especially  after  a  time  when  the  great  majority  of 
the  nearly  grown  caterpillars  had  been  killed  by  a  contag- 
ions disease;  in  fact  it  almost  seems  as  if  the  moths  whicli 
had  escaped  this  disease  realized  the  danger  and  tried  to 
avoid  it  and  to  protect  their  future  oflF-spring  against  it  by 
migrating  to  places  where  the  insect,  and  the  disease,  had 
not  occurred  for  some  years.  Since  this  disease  is  very  apt 
to  occur  whenever  the  insects  have  be^  very  numerous  for 
three  years  in  succession  in  any  one  locality,  we  have  the 
reasonable  assurance  that  after  that  period  the  insects 
will  disappear  from  the  locality  for  some  time.  But  as 
some  of  the  healthy  moths  escape  they  start  colonies 
in  new  regions  and  as  the  resulting  caterpillars  are  healthy, 
they  soon  increase  very  rapidly  until  they  are  again 
killed  off  by  the  same  fatal  disease.  All  attempts  to 
breed  and  multiply  this  useful  disease  by  artificial 
means  have  failed  thus  far,  but  no  doubt  means  will  be 
found  ih  future  to  utilize  it  against  these  destructive  cater- 
pillars. In  1898  the  disease  appeared  in  a  small  grove  of 
trees,  and  the  writer  took  numerous  diseased  caterpillars  to 
other  groves  infested  with  healthy  worms.  Still  other 
diseased  worms  were  sent  long  distances  to  forests  invaded 
with  tent-caterpillars,  and  wherever  introduced  the  disease 
broke  out  amongst  the  healthy  worms,  and  soon  destroyed 
the  greater  majority  of  them.  Many  other  forests,  as 
badly  infested  with  these  worms,  showed  no  sign  of  this 
disease,  and  it  would  be  more  than  accident  if  such  places 
had  escaped  while  others  had  not.  There  seems  to 
be  but  little  doubt  that  this  diseasecan  be  spread  artificially 
in  case  we  can  find  diseased  worms  at  the  proper  time. 
Two  breeding  cages  were  prepared  which  contained  the 
eggs  of  healthy  moths;  at  least  in  the  places  from  which  the 
eggs  were  taken  no  disease  appeared  in  the  following  season. 
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The  breeding-cages  were  kept  in  different  parts  of  the  same 
building.  In  one  case  the  caterpillars  were  fed  with  leaves 
moistened  with  the  crushed  substance  of  diseased  caterpil- 
lars, and  soon  afterwards  the  disease  showed  itself  by  killing 
nearly  all  the  caterpillars  in  that  cage;  the  worms  in  the 
second  cage  were  fed  on  leaves  not  so  prepared  and  all 
raptured  and  formed  moths.  Equally  good  results  were  ob- 
tained with  a  disease  destroying  the  worms  so  injurious  to 
cabbage,  and  both  cases  show  that  under  certain  conditions 
much  good  can  be  done  by  gathering  diseased  caterpillars 
and  by  bringing  them  in  contact  with  healthy  ones. 

After  mating  the  females  deposit  their  eggs  (about  300 
in  number)  in  a  belt  or  ring  around  the  twigs  of  plum^ 
■  cherry,  shadberry,  apple  or  a  few  other  trees.  This  takes 
place  early  in  July.  These  egg-masses  are  coated  with  a 
thick  glue  which  serves  as  a  protection  against  moisture 
and,  perhaps,  against  the  cold  weather  of  autumn,  winter 
and  spring.  Very  likely  this  glue  is  a  non-conductor  of  heat; 
at  all  events  theeggs  do  not  usually  hatch  until  the  following 
spring,  even  if  kept  in  warm  rooms.  These  rings  of  eggs  are 
readily  seen  at  a  time  when  all  the  foliage  has  disappeared 
from  the  trees,  and  they  should  be  removed  at  that  time, 
which  is  easily  done.  Fig.  136  shows  a  ring  of  eggs;  also 
two  adult  caterpillars  and  a  cocoon. 

About  the  time  that  the  buds  begin  to  swell  in  the 
spring  (about  the  middle  of  April  in  Minnesota)  the  eggs 
hatch,  and  the  young  caterpillars  select  some  fork  of  a  twig 
where  they  form  a  small  nest  for  themselves.  By  selecting  a 
fork  they  can  utilize  the  twigs  as  tent-poles,  around  which 
they  build  a  nest  with  several  openings  or  doors.  Here  the 
colony  rests,  either  inside  or  on  the  outside  of  the  tent.  As 
long  as  the  caterpillars  are  still  soft  and  tender  they  are 
most  frequently  found  inside  their  house,  and  only  during 
the  warmer  portion  of  the  day  do  they  bask  in  the  sun  upon 
its  outside.  As  the  caterpillars  grow  they  add  to  this  tent 
until  it  becomes  a  very  bulky  aifair  partly  filled  with  excrement 
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and  the  old  skins  of  the  inhabitants.  The  tents  (Fig.  138, 
Plate  XVII),  when  opened,  will  be  found  to  contain  numer- 
ous blackish  caterpillars  with  yellow  and  bluish  spots  and 
covered  with  very  fine  grayish  hairs,  which  prevent  any 
moisture  from  reaching  their  skins.  The  illustration  shows 
two  of  the  full  grown  caterpillars,  which  are  rather  pretty 
insects,  if  caterpillars  can  be  so  called.  When  hatched  they 
measure  about  one-tenth  of  a  inch  in  length ;  they  are  black- 
ish and  covered  with  fine  gray  hairs  (Fig.  144,  Plate XXIII). 
They  feed  on  the  young  and  tender  leaves,  and  eating  on  an 
average  two  leaves  a  day,  the  young  of  one  pair  of  moths 
consume  from  ten  to  twelve  thousand  leaves,  and  as  it  is 
not  uncommon  to  find  from  six  to  eight  nests  on  a  single  tree 
not  less  than  seventy-five  thousand  leaves  are  devoured,'  a 
loss  which  no  tree  can  long  endure. 

As  the  caterpillars  grow  they  cast  their  skins  from  time 
to  time.  In  about  thirty-five  or  forty  days  they  have 
reached  their  full  size;  they  are  about  two  inches  long,  with 
a  black  head  and  body,  having  numerous  yellow  hairs  on 
the  surface.  A  white  stripe  marks  the  middle  of  the  back, 
and  minute  white  or  yellow  broken  and  irregular  streaks 
are  found  along  the  sides.  Along  each  side  of  the  back  is  a 
row  of  small  transverse  pale-blue  spots.  Fig.  137,  Plate 
XVII,  gives  an  illustration  of  the  larva. 

While  young  the  caterpillars  are  social  in  their  habits. 
When  they  leave  their  tent  to  feed,  which  they  do  twice 
every  day,  they  move  as  a  regular  army,  and  as  they  go 
they  spin  a  continuous  thread  of  silk  from  a  fleshy  tube  on 
the  lower  side  of  the  mouth,  which  is  connected  with  silk- 
producing  glands  in  the  interior  of  the  body.  By  means  of 
this  thread  they  find  their  way  back  to  the  tent,  which  is 
the  product  of  the  combined  efforts  of  all  the  caterpillars 
fi'om  one  ring  of  eggs.  The  caterpillars  feed  only  on  warm 
and  dry  days;  during  cold  and  damp  weather  they  remain 
in  the  tent.  As  soon  as  full  grown  they  leave  their  home 
and  scatter  in  all  directions,  each  searching  for  some  pro- 
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tected  spot  in  which  to  spin  its  cocoon.  When  sheltered 
spots  have  been  found,  usually  under  projecting  objects,  such 
as  roofs  and  upper  fence-boards,  they  spin  spindle-sbaped 
cocoons  of  white  and  almost  transparent  silk;  when  fin- 
ished they  fill  the  spaces  between  the  silken  threads  with  a 
sulphur-yellow  'substance,  .which  in  drying  becomes  a 
powder.  Inside  these  cocoons  (most  beautiful  objects)  they 
change  to  pupae,  from  which  emerge,  in  from  twenty  to 
twenty-five  days,  the  moths,  ready  tq  start  another  brood 
for  the  following  year.  This  caterpillar,  although  quite 
numerous  in  Minnesota,  has  not  created  as  much  alarm  as 
the  one  described  next. 


THE  FOREST  TENT-CATERPILLAR. 

{Clisiocawpa  distria  Hub.). 


Fig.  139.— C//s/ocan2/>«  distria  Hub.;  caterpillar;  a,  egg-maes;  Z),  motb;  c,  top 
of  enlarged  egg;  d,  three  enlarged  eggs.    After  Riley. 

This  caterpillar  (Fig.  139)  is  even  more  common  than 
the  Orchard  Tent-caterpillar  which  it  closely  resembles.  It 
does  not,  however,  construct  a  large  tent.  The  caterpillars 
feed  upon  the  foliage  of  various  species  of  forest  trees,  such  as 
oak,  ash,  maple,  etc.,  but  they  prefer  linden  or  bass-woo(J;  they 
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are  also  very  injurious  to  plum,  cherry,  apple  and  other 
fruits.    The  moth  (Fig.  140,  Plate  XVII),  which  expands  an 
inch  and  a  half  or  more,  is  brownish-yellow.    It  has  on  the 
fore-wings  two  obKque   brown   lines   enclosing   a   darker 
space.    The  eggs  are  about  one  twenty-fifth  of  an  inch  long 
and  one-fortieth  wide;  they  are  arranged  three  or  four  hun- 
dred in  number  in  the  form  of  a  ring  around  the  twigs  of 
t^;ees.    These  clusters  differ  from  those  of  the   other  tent- 
caterpillars  in  being  uniform  in  diameter  and  cut  off  square- 
ly at  the  ends.    The  individual  eggs  are  white;  they  are 
covered  with  a  brown  varnish-like  substance.    The   eggs 
hatch  also  eaily  in  spring,  and  the  young  caterpillars  have 
sometimes  to  wait  for  some  time  before  the ,  trees  furnish 
any  food,  but  as  they  are  very  hardy  they  have  been  known 
to  live  in  cold  weather  for  three  weeks  without  eating.    The 
writer  kept  them  under  melting  ice  for  four  days  without 
injuring  them  in  the  least;  in  fact,  as  soon  as  thawed  out 
they  seemed  to  show  increased  appetite.    But  as  the  buds 
expaad  and  the  young  leaves  appear  the  worms  make  up  for 
lost  time.    Like  the  other  tent-caterpillars  they  spin  a  silken 
thread  wherever  they  go;  they  are  also  gregarious  as  lotig 
as  young,  but  scatter  when  older.    They  march  in  regu- 
lar order,  feed  twice  a  day  and  when  not  thus  engaged  they 
crowd  together,  most  frequently  upon  the  trunk  of  a  tree 
(Fig.  141,  Plate  XIX).    In  such  positions  they  also  undergo 
their  moults,  and  not  infrequently  large  numbers  of  their 
empty  skins  are  found  together,  held  in  position  and  to  the 
tree  by  numerous   threads  (Fig.  142,  Plate  XIX).     The 
caterpillars,  when  fully  grown,  are  a  little  smaller  than 
their  relatives  upon  orchard  trees.    Their  general  color  is 
pale-blue,    tinged    with   green    on  their   sides,  and   every- 
where sprinkled  with  black  dots  or  points,  while  along  the 
middle  of  the  back  is  a  row  of  white  spots,  on  each  side  of 
which  is  an  orange-yellow  stripe,  below  which  is  another 
creatn-colored  one.    All  these  stripes  are  edged  with  black. 
Each  segment  of  the  caterpillar  has  two  elevated   black 
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• 
points  on  the  back,  from  which  arise  a  number  of  coarse 
black  hairs.  The  back  is  clothed  with  whitish  hairs;  the 
head  is  dark  blue,  freckled  with  black  dots,  and  clothed 
-with  black  and  fox-colored  hairs;  the  legs  are  black,  clothed 
w^ith  whitish  hair.  Fig.  143,  Plate  XX  shows  these  cater- 
pillars. 

When  mature  these  caterpillars  wander  on  fences,  houses 
and  along  roads  in  search  of  suitable  shelters  in  which  to 
form  their  cocoons,  which  are  a  little  more  loosely  con- 
structed than  those  of  the  other  tent  caterpillars.  After 
having  finished  these  cocoons  they  transform  in  two  or 
three  days  to  reddish-brown  pupae  densely  covered  with 
short,  pale  yjellowish  hairs.  Two  or  three  wfeeks  later  the 
moths  appear  which  soon  afterward  deposit  their  eggs  and 
die. 

Tent  caterpillars  have  few  ertemies  and  only  few  para- 
aites  are  known  to  attack  them.  Some  carniverous  beetles, 
as  the  large  black  ground  beetle,  Calosoma 
frigidum  devour  large  numbers ;  the;  green 
Calosoma  has  been  reported  to  even  enter 
the  tents  to  devour  these  worms.  The 
skunk  also  eats  large  numbers  of  the  wan- 
dering caterpillars.  Our  two  species  of 
Cuckoos  make  it  a  regular  business  to  feed 
upon  these  worms  which  no  other  birds 
will  eat.  This  useful  bird  is  shown  in 
Fig.  145. 

Remedies. — Many  methods  have  been 

Calosoma  frigidam.  ^     r  *  t  •  /•        i 

Original.  suggcstcd   for  the    destruction   of    these 

caterpillars.  In  case  of  orchards  or  smaller  trees  the 
most  available  and  economical  way  to  nip  the  evil  in  the 
bud  is  to  remove  the  cluster  of  eggs  wherever  found 
and  to  burn  them.  In  the  case  of  small  trees  this  is 
easily  done,  as  the  egg-masses  remain  on  them  during 
all  the  time  when  the  leaves  have  dropped,  and  as  the 
former     are    easily    seen     they    can     as     readily    be    re- 
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Fig.    145.    American  Cnckoo  or  Rain-crow  eating  hairy  caterpillar.    Prom 
Brehm'8  Thicrleben. 
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moved.  This  is  at  least  qpiite  easily  done  in  our  or- 
chards, but  when  it  comes  to  destroying  such  eggs  on  forest 
trees  this  is  not  an  easy  matter,  though  nearly  all  egg- 
masses  will  be  found  concentrated  upon  the  twigs  of  linden. 
In  case  of  the  Orchard  Tree  tent-caterpillars  the  wjiite  tents 
made  by  them  are  readily  detected,  and  they  should  be  de- 
stroyed as  soon  as  possible.  This  should  be  done  when  the 
caterpillars  are  at  home,  i.e.  early  in  the  morning  or  towards 
evening;  during  the  middle  of  the  forenoon  and  in  the  after- 
noon they  are  away  from  their  nests  and  are  engaged  in 
feeding.  As  long  as  the  tents  are  small  and  can  be  reached 
they  and  their  entire  contents  should  be  crushed  with  the 
hand  protected  by  a  glove  or  mitten.  If  they  can  not  be 
reached  in  this  way  the  caterpillars  can  be  destroyed  by 
thrusting  a  rag  soaked  with  kerosene  and  fastened  to  a  pole, 
into  the  tent  and  by  twisting  the  pole  all  worms  will  come 
in  contact  with  the  oil,  which  will  kill  them.  Burning  torches 
applied  when  the  tent  is  occupied  will  also  kill  the  worms 
but  the  flame  is  apt  to  injure  the  trees.  Of  course  united  action 
is  necessary,  for  if  a  single  orchard  is  neglected  and  permit- 
ted to  become  a  breeding-place  not  alone  of  the  tent-cater- 
pillars but  of  many  other  kinds  of  noxious  insects,  it  is  suf- 
ficient to  stock  and  restock  all  neighboring  orchards.  If  all 
fruit  growers  in  any  given  region  would  destroy  all  the  tents 
on  their  trees,  even  for  a  single  season,  the  work  of  destroy- 
ing the  caterpillars  in  the  following  year  would  be  greatly 
lesseiied.  In  fact  it  would  well  pay  to  offer  a  small  bounty  to 
children  for  collecting  eggs  or  the  small  nests  still  containing 
the  worms.  It  should  be  remembered  that  each  ring  of 
eggs,  and  each  small  tent,  contains  from  300  to  400  minute 
caterpillars  which  if  permitted  to  grow  can  cause  great  in- 
jury. 

One  of  the  best  remedies  is  the  use  of  Paris-green  sprayed 
upon  the  foliage  of  the  infested  trees.  The  writer  has  made 
numerous  experiments  with  this  substance,  and  has  found 
that  the  large  caterpillars  are  as  readily  killed  as  those  just 
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hatched,  and  that  it  does  not  require  a  large  amount  of 
poison  to  do  so.  One  pound  of  Paris-green  to  100  gallons 
of  water,  or  one  pound  to  150  gallons  of  water,  sprayed 
upon  apple  trees,  had  the  effect  of  burning  the  foliage  and 
injuring  the  trees  very  materially.  By  using  one  pound  of 
this  poison  to  200,  250  or  even  300  gallons  of  water  all 
caterpillars  were  killed  in  the  course  of  from  one  to  three 
days.  If  London-purple  is  used,  one  pound  to  300  gallons 
of  water  will  do  the  work.  In  both  cases  it  is  best  to  add 
to  the  mixture  some  lime  water,  which  will  neutralize  any 
free  acid,  and  in  this  way  prevent  injury  to  the  trees  to  be 
protected. 

THE  VALEDDA  LAPPET-MOTH. 

( Tolype  velleda  Stoll. ) . 

This  uncommon  insect  is  sometimes  found  in  its  larval 
state  (Fig.  146)  feeding  upon  the  foliage  of  the  apple,  cherry 


FifiT.  146.— To/jrpe  relied  A  Stoll.;  caterpillar. 

and  plum;  it  also  feeds  on  the  oak,  elm,  lilac  and  poplar. 
The  caterpillar  is  hairy  and  it  hides  so  well  in  the  cracks  of 
the  tree,  into  which  its  body  fits  very  tightly,  that  it  is  not 
easily  detected ;  it  looks  very  much  like  an  excrescense  of  the 
bark,  especially  as  the  side  fringes,  which  border  close  to  the 
under  surface  and  are  composed  of  spreading  tufts  of  light 
gray,  mingled  with  black  hairs,  hide  so  thoroughly  the  edges 
of  the  caterpillar's  bod\'.  It  has  asm  all  and  flat  head,  nearly 
hidden  between  two  projecting  tufts  of  hair  from  the  second 
segment;  it  is  bluish-gray  and  is  marked  with  numerous 
longitudinal  lines ;  on  top  of  segment  three  there  is  a  trans- 
verse black  band,  most  distinct  when  the  insect  is  in  motion. 
On  top  of  each  segment  ar^  two  warts,  those  on  segment 
three  in  front  of  the  black  band  are  the  largest;  each  of  these 
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warts  gives  rise  to  a  few  black  hairs.  Thei«  is  also  a  stig- 
matal  row  of  large  warts,  from  each  of  which  proceeds  a 
cluster  of  light,  gray  hairs,  interspersed  with  a  few  black 
ones.  The  under  side  is  of  a  pale  red  or  orange  color,  with 
squarish  black  spots.  When  full  grown  it  reaches  a  length 
of  two  inches  and  a  half.  Late  in  July  it  spins  a  Very  dense 
cocoon,  about  an  inch  and  a  half  long  and  half  an  inch  wide» 
oval,  convex  above,  and  flattened  t)n  the  under  side,  of  a 
brownish-gray  color. 

The  sexes  of  this  moth,  which  is  found  in  August  and 
September,  vary  considerably  in  size,  the  male  being  much 
smaller,  measuring  only  from  an  inch  and  a  half  to  an  inch 
and  three-quarters,  while  the  female  measures  two  and  three- 
quarters  inches.  The  fore- wings  of  this  delicate  looking 
moth  are  gray,  crossed  by  two  double,  slightly  wavy,  white 
lines  at  the  end  of  the  first  and  second  thirds  of  the  length  of 
the  wing,  and  a  single  line  of  the  same  color  near  the  outer 
margin.  The  hind-wings  have  only  the  outer  line.  The  body 
is  milky-white,  with  a  large,  blackish  spot  on  the  middle  of 
its  back ;  that  part  of  this  spot  which  is  on  the  thorax  is 
composed  of  beautiful,  glistening  and  erect  scales,  while  the 
caudal  part  of  it  consists  of  recumbent  hf*irs.  This  moth 
differs  from  most  other  moths  by  having  the  body  covered 
with  long  hairs ;  it  is  shown  in  Fig  147,  Plate  XXIV. 

THE  AMERICAN  LAPPET-MOTH. 

(Gastropacha  americana  Harr.). 

This  is  a  very  interesting  insect  and  rather  common. 
The  moth   (Fig.  148  and  Fig.  149,  Plate  XXIV),   which 

r  occurs  in  two  colors,  is  quite 

^^J**4a|ui^  remarkable  on  account  of  the 

fact  that  when  resting  it  so 
closely  mimics  a  dead  leaf,  that 
even  trained  eyes  are  apt  to 
be  misled.  Most  examplesare 
HarJfo^r^n^r'""''"'''"'"'"''"""     of    a    tawuy,    rcddish-browti 
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color,  with  the  hinder  and  inner  edges  of  the  fore-wings  and 
the  outer  edges  of  the  hind-wings  deeply  notched^  these 
notches  are  edged  with  white.  Both  pairs  of  wings  are 
crossed  by  a  rather  broad,  interrupted  whitish  band,'  which 
on  the  fore-wings  does  not  always  reach  the  front  margin. 
In  the  female  the  pale  bands  and  dark  lines  are  sometimes 
wanting,  the  wings  being  almost  entirely  of  a  red-brown 
color.  The  moth  measures  with  expanded  wings  nearly 
one  inch  and  three-quarters  across. 

The  white  eggs  have  peculiar  black  markings  and  are 
most  beautiful  objects  under  a  magnifying  glass.  They  are 
deposited  on  the  leaves  of  the  apple,  cherry  and  oak  late  in 
June.  The  caterpillar  is  also  very  difficult  to  detect,  as  it 
hides  during  the  day  on  the  twig^  of  trees  and  is  only 
active  at  night.  It  possesses  a  broad  body,  convex  above 
and  perfectly  flat  beneath,  which,  when  fully  extended,  very 
closely  resembles  a  natural  swelling  of  the  bark.  It  is  of  att" 
ash-gray  color  fringed  close  to  the  under  side  on  each  side 
with  tufts  of  blackish  or  gray  hairs,  springing  from  project^ 
ing  tubercles.  The  caterpillar  (Fi^.  134)  is  easily  recognized 
by  a  bright  scarlet  and  velvety  band  on  the  posterior  part 
of  th^  third  segment,  and  by  a  similar  one  on  the  fourth ;, 
both  of  them  are  only  yisible  when  the  larva  is  crawling. 
There  are  a  number  of  small  tubercles  on  the  segments  from? 
which  grow  tufts  of  grayish  hairs  mixed  with  white  ones. 
The  under  side  of  the  caterpillar  is  orange  colored,  with  a. 
central  row  of  square  blackish  spots.  The  mature  larva 
measures  fully  two  inches  in  length.  It  spins  a  peculiar 
gray  cocoon  which  looks  very  much  like  a  slight  swelling  of 
the  twig  to  which  it  is  fastened.  The  brown  pupa  remains 
in  it  until  the  month  of  June  of  the  following  year.  This  in- 
sect feeds  on  apple,  poplar  and  some  other  plants. 

FAMILY  COSSIDiS  OR  CARPENTER-MOTHS.        • 

Moths  of  this  family  are,  according  to  recent  writers, 
very  low  in  the  scale  of  development.    The  adults,  also 
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known  as**Goat-moths/'from  a  rank  odor  peculiar  to  them, 
have  rather  narrow  strong  and  pointed  wings  and  long, 
spindle-shaped,  naked  bodies,  and  some  resemble  quite 
closely  the  hawk-moths  in  this  respect.  Their  head  is  small, 
very  much  retracted,  and  the  tongue  is  obsolete,  so  that  the 
insect  is  unable  to  take  food.  Their  nearly  naked  cater- 
pillars are  all  wood-borers,  living  from  two  to  four  years  in 
the  trunks  or  roots  of  trees. 

THE  GOAT-MOTH. 

{Prionoxystus  robinias  Peck). 

This  moth  (Fig.  150)  is  by  no  means  uncommon  in  Min- 
nesota, being  frequently  attracted  to  the  electric  light.    It 


"  Fig- 160. — Prionoxystus  robiaite  Peck;  male,  caterpillar  and  pupa, 

m  flft^^^^  Prom  EHvision  of  Entomology,  Dcp.  of  Agrieultnrc. 

passes  its  larval  state  in  such  trees  as  locust,  elm,  poplar, 
oak  and  others,  being  but  rarely  found  in  the  trunks  of  crab- 
apple.  *  Still  there  is  a  possibilitj'^  that  it  may  become  more 
common,  and  consequently  more  destructive,  as  our  apple 
orchards  become  more  numerous  and  the  trees  older. 
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The  caterpillar  lives  in  the  trunk  and  larger  limbs  of  the 
infested  trees.  It  has  a  pale  greenish-white  body  with  a 
tinge  of  pink  or  yellow;  sometimes  a  reddish-pink  band 
occurs  on  the  anterior  part  of  each  segment,  except  the  third 
or  fourth  and  the  last  one.  It  has  a  dark  colored  dorsal 
line;  segments  two  and  three  have  A  brown  spot  on  the  top, 
and  on  each  side  of  segments  four  to  eleven  inclusive  are 
three  piliferous  spots  above  the  spiracle,  arranged  in  the 
form  of  a  triangle.  These  piliferous  spots  are  brown  or 
pink.  The  under  side  of  the  caterpillar  is  greenish-white, 
the  cervical  shield  dark  or  yellowish-brown ;  the  head  dark 
brown,  with  a  somewhat  lighter  colored  face;  the  jaws  are 
stout,  prominent  and  pitch}'.  These  large  and  bad  smelling 
worms  reach  a  length  of  about  two  inches  and  a  half.  When 
full  grown  they  spin  a  loose  cocoon  in  the  burrow,  inside  of 
which  they  transform  to  a  rather  slender,  cylindrical  pupa, 
which  is  furnished  with  a  series  of  spines  around  the  edges 
of  each  segment.  When  ready  to  emerge  as  a  moth  the  pupa 
twists  and  wriggles  through  the  bark,  and  for  half  its  length 
out  into  the  open,  holding  fast  by  the  spines  on  the  abdom- 
inal segments.  The  larvae  live  in  the  trunk  of  trees  about 
three  years  before  coming  to  maturity.  The  moth  issues 
late  in  June  or  early  in  July. 

The  two  sexes  of  the  moth  differ  both  in  size  and  in 
color.  The  female,  which  expands  from  two  to  two  and  a 
half  inches,  has  gray  wings  marked  with  irregular  black 
lines  and  dots.  The  male,  which  expands  only  an  inch  and 
a  half,  has  the  fore- wings  much  darker,  and  the  hind-wings 
are  golden  or  ochre-yellow.  There  are  but  few  scales  upon 
the  wings  of  these  moths. 

The  eggs  are  deposited  in  the  crevices  of  the  bark  about 
the  first  of  July,  and  usually  older  trees  are  selected  for  this 
purpose.  The  large  eggs  are  glued  so  tightly  to  the  surface 
that  they  can  not  be  removed  without  destroying  them,  and 
yet  they  are  still  so  soft  when  just  deposited  that  they  fit 
any  cracky  no  matter  what  its  shape.    Several  hundreds  of 
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them  are  deposited  by  a  single  female.    The  young  and  dark 
n^ ''        brown  caterpillars,  with  very  large  heads,  bore  as  soon  as 
^-'       .  hatched  in  various  directions  into  the  trees,  but  usually  in 
an  oblique  direction  upward  or  downward,  increasing  the 
cavity  as  they  grow  larger  and  lining  the  same  with  silk  as 
they  go.    Remedies  are*  difficult  to  provide.    If  the  cater- 
pillars are  found  in  destructive  numbers  in  any  one  locality 
1  some  valuable  trees  maj  be  protected  by  washing  the  bark 

•|.  about  the  last  of  June  with  soft  soap  to  which  is  added  a 

1  little  Paris-green  or  London-purple,  which  is  apt  to  prevent 

the  moth  from  depositing  eggs  upon  trees  thus  protected, 
and  to  kill  the  young  larvae  when  they  leave  the  eggs  and 
'i  eat  their  way  into  the  tree. 

i    '  FAMILY  NOCTUID^  OR  OWLET-MOTHS. 

This  family  of  moths  is  rather  uniform,  and  the  species 
are  very  much  alike.  The  head  is  distinct,  not  sunken  into 
the  thorax,  as  in  the  Bombycidae;  the  palpi  are  stout,  pro- 
jecting in  front  of  head,  but  not  more  than  the  length  of  the 
head;  the  antennae  are  filliform,  slightly  ciliate,  or  in  the 
males  of  some  species  slightly  pectinate.  These  moths  pos- 
sess a  robust  body;  the  thorax  has  more  or  less  prominent 
shoulder-tufts,  frequently  very  distinct  dorsal  tufts,  and 
usually  prominent  transverse  tufts  on  the  prothorax.  The 
abdomen  is  frequently  ornamented  with  dorsal  tufts,  and 
the  males  possess  more  or  less  prominent  anal  tufts.  The 
fore-wings  are  comparatively  small,  narrow,  and  crossed  by 
a  series  of  more  or  less  marked  crenulated  or  wavy  lines, 
and  with  two  usually  darker  and  two  paler  spots  in  the 
discal  part  of  the  wing.  The  one  nearest  the  base  of  the 
wing  is  called  the  orbicular;  the  other  and  larger  one,  us- 
ually kidney-shaped,  is  called  the  reniform  spot.  The  hind- 
wings  are  broader,  usually  without  markings;  when  at  rest 
they  are  folded  and  concealed  by  the  fore-wings,  which  lie 
like  a  flat  roof  over  the  back.    The  name  **Owlet-moths"  is 
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them  because  they  fly  at  night,  and  because  their  rather 
?yes  glow  with  a  deep  phosphorescence,  as  if  internally 
?.  Most  of  these  moths  are  attracted  to  light,  and 
to  baits  composed  of  fermenting  substances, 
le  caterpillars,  '^hich  average  from  an  inch  to  an  inch 
,  half  in  length,  are  cylindrical,  tapering  somewhat 
the  middle  towards  each  extremity ;  their  colors  are 
y  obscure,  varying  from  dirty-gray  to  dirty  yellow- 
i,  generally  with  feebly  marked  longitudinal  lines, 
le  pupae  are  usually  formed  in  earthen   cells   under 

d,  or  above  the  same  among  leaves  and  rubbish,  tied 
ler  by  a  few  silken  threads. 

\  a  class  these  caterpillars  are  injurious  tcl  vegetation, 
ley  are  frequently  called  **Cut- worms,''  because  some 
n  have  the  habit  of  cutting  off  the  tender  leaves  of 
i  early  in  spring.    Most  of  them  are  injurious  to  agri- 

e.  and  not  a  few  of  them  cause  considerable  losses  to 

a 

ulture. 


^ 


^ir^ 


THE  INSCRIBED  THYATIRA. 

{Tbyatira  scripta  Gosse). 

lis  uncommon  moth  has  been  repeatedly  taken  in  St. 
ny  Park  and  in  Duluth.  The  caterpillar  feeds  on  black- 
and  raspberry ;  it  is  of  a  rich  yellowish-brown,  some- 
nearly  black  color,  with  a  distinct  black  dorsal  line, 
ides  are  yellowish  with  blackish  marks  and  dashes, 
pper  surface  is  darker  than  the  rest  of  the  body;  the 
nent  head  is  yellow,  mottled  with  dark  brown.  The 
illar,  when  at  rest,  has  the  anterior  and  posterior  por- 
5f  the  body  elevated,  or  bent  in  such  a  manner  that  the 
rests  upon  the  posterior  segments.  It  is  not  readily 
ed  as  it  conceals  itself  in  a  shelter  formed  by  bending 
the   edge  of  a  leaf;  it  pupates  in  moss  or  similar  ma- 
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The  moth  is  very  pretty,  of  a  pinkish-gray  color,  and 
marked  in  a  very  peculiar  manner  with  whitish  lines  and 
blackish  spots,  as  shown  in  the  illustration.  Fig.  151,  Plate 
XVI. 

THE  GRAY  DAGGER-MOTH. 

{Acronycta  occidentalis  G.  &  R.). 

There  are  a  large  number  of  **Dagger-moths,*'  so  called 
from  the  fact  that  they  have  on  their  fore-wings  a  number 

of  short,  black  streaks  crossing  the 
iB^^^^^^y^^H        transverse  lines  in  such  a  way  that 
^^^|BB^^HJF        the  marks  have  a  remote  resem- 
^HrV^^^^  blance  to  a  dagger,  or  to  the  Greek 

^  letter  psi\  placed    sideways.     The 

above  species  is  of  a  pale  silvery- 
graj'  color.  The  fore-wings  are  pale 
gray,  with  various  black  lines  and 
markings,  the  principal  one  being 
situated  in  about  the  middle  resem- 
bling an  irregular  cross;  a  second 
smaller  and  similar  mark  is  found 
^M^^^^  between   this  and  the  tip  of  the 

caterpiiar.  wiug;  a  black  line  starts  from  the 

base  of  the  wing  and  extends  to  near  the  middle.  The 
hind-wings  are  darker  and  glossy  gray.  Both  pairs  of 
wings  are  fringed  with  white,  with  an  inner  border  of  black 
spots.  The  moths  measure  with  expanded  wings  nearly 
two  inches  across. 

The  caterpillars  of  this  insect  feed  upon  the  leaves  of  the 
plum,elm,  birch,cherry  and  apple,  reachingtheir full  size  about 
the  middle  of  July.  Their  large  heads  are  flat  in  front  and 
are  black  with  yellowish  dots  on  the  sides.  Their  body  is 
bluish-gray  above,  with  a  wide  slate-colored  band  on  the 
back,  in  which  is  found  a  central  orange-colored  line,  extend-  . 
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ing  from  the  second  to  the  fifth  segment.  Beyond  this,  to 
the  eleventh,  each  segment  is  ornamented  with  a  group  of 
spots,  forming  a  dorsal  band;  two  of  these  spots  are  orange, 
one  in  front  and  one  behind,  and  one  is  of  a  greenish  metal- 
lic hue;  each  group  of  spots  is'  surrounded  by  a  circular 
patch  of  velvety  black.  Two  cream-colored  stripes  are 
found  on  the  sides;  they  disappear  towards  each  extremity. 
The  body  of  these  caterpillars  is  sparingly  covered  with 
whitish  hairs,  more  prominent  along  the  sides.  A  promin* 
ent  hupip  on  the  twelfth  segment  and  the  feet  are  black. 
The  full  grown  larvae  is  about  an  inch  and  a  half  long.  It 
spins  a  rather  slight  cocoon  in  some  sheltered  spot,  in  which 
it  transforms  to  a  polished,  reddish-brown  pupa.  It  seems 
as  if  this  moth  w>as  double  brooded  in  Minnesota.  The 
moth  and  caterpillar  are  shown  in  Pigs.  152  and  153. 

This  species  is  not  as  common  as  some  other  members 
of  this  genus  of  moths,  and  its  caterpillars  can  readily  be ' 
killed  by  spraying  with  any  of  the  arsenical  poisons. 


THE  MOTTLED  PLUM-TREE  DAGGER-MOTH. 

{Acronjrcta  superans  Guen.). 

The  caterpillar  of  this  moth  feeds  also  on  the  leaves  of 
the  plum,  but  occurs  also  upon  the  apple,  mountain  ash  and 

birch;  it  seems,  however,  as  if 
the  foliage  of  the  shadberry 
was  the  favorite  food  of  this 
insect,  and  it  is  not  uncommon 
to  see  smaller  plants  entirely 
denuded  on  account  of  its  pres- 
ence. The  larvae  are  solitary- 
in  habits  and  appear  about 
j«UK||.  the  middle  of  June  and  again 

IPPpHBHpi  late  in  September.    They  vary 

considerablv  in  color,  but  are 

Fig.  ^^^'-^^lonycj^^^Suncrans  G«.;       ^g^^jjy  g^C^ish,  with  a  brOad 
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chestnut-colored  stripe  along  the  back,  margined  with  yel- 
lowish. On  each  segment  are  several  shining  tubercles,  from 
each  of  which  arise  one  or  more  blackish  hairs;  other 
hairs  are  found  along  the  sides  of  the  body.  The  caterpillar 
is  about  one  inch  long,  and  has  the  body  somewhat  com- 
pressed, so  that  it  appears  higher  than  is  usually  the  case. 
It  does  not  assume  the  usual  position  at  rest  as  the  other 
members  of  this  genus  which  curl  up  somewhat  in  the  shape 
of  a  snail.  The  cocoon  is  made  among  dead  leaves  and  is  a 
rather  slight  affair. 

The  moth  has  a  gray  thorax  and  abdomen,  dotted  with 
black  points.  The  fore-wings  are  dark-gray,  with  black  or 
brownish-black  markings;  the  hind^-wings  are  lighter  brown- 
ish-gray. The  moth  expands  about  an  inch  and  a  half,  it  is 
illustrated  in  Fig.  154,  as  well  as  the  caterpillar. 

Only  in  extreme  cases  are  these  insects  common  enough 
to  cause  serious  injury. 

THE  RASPBERRY  DAGGER-MOTH. 

{Acronycta  impress  a  Walk.). 

The  caterpillars  of  this  insect  are  always  common,  some- 
times very  much  so,  in  which  case  they  cause  some  injuries. 
They  are  very  general  feeders,  occurring  in  Minnesota  on 
the  raspberry,  blackberry,  apple,  rose,  hazel,  and  many 
other  plants.  Although  numerous  the  caterpillars  always 
feed  singly.  They  are  hairy  caterpillars,  measuring  an  inch 
and  a  quarter  in  length  when  in  motion,  but  less  than  an  inch 
when  at  rest,  as  they  hump  their  body  in  a  peculiar  man- 
ner. The  body  is  thickest  between  the  third  and  the  seventh 
segment,  and  tapers  a  little  towards  both  extremities;  it  is 
of  a  brownish-black  color,  with  a  transverse  row  of  paler 
tubercles  on  each  segment,  from  which  spring  clusters  of 
brownish-white  or  grayish-hairs  of  varying  lengths.  Behind 
the  third  segment  there  is  a  space  on  the  back  where  the 
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olor  of  the  body  is  plainly  seen.  The  head  is  of  ashin- 
Lck  color,  the  upper  portion  partly  hidden  by  theover- 
ig  hairs  of  the  first  segment.  The  cocoon  which  is 
tough,  is  made  of  leaves  and  bits  of  wood  fastened 
er  with  silk;  inside  wie  find  the  brown  pupa,  from 
emerges  a  gray  moth,  with  gray  fore- wings,  mottled 
pots,  streaks  and  dots  of  darker  shades  of  gray  and 
;  the  hind-wings  are  of  a  dull,  pale  gray  color,  deepen- 
ittle  towards  the  outer  margin.  The  underside  of  the 
is  paler..  With  expanded  wings  it  measures  about  an 
id  a  quarter  across. 


m 


f 


Pi£r.  165. — Acrottjrcta  impressa  Walk;  moth.    Original. 

ese  caterpillars  are  found  throughout  the  summer,  as 
o  generations  overlap  somewhat.  Hand-picking  and 
t  of  arsenical  poisons  will  keep  It  in  check.  Moth  and 
illar  are  shown  in  Fig.  155  and  134. 


THE  SMEARED  I>AGGER-MOTH . 

{Acronycta  oblinita  S.  &  A.). 

is  moth  does  not  show  the  usual  mark  of  dagger- 
whence  the  above  rather  bad  sounding  name  was  given 
ome  writer. 

is  conspicuous  and  very  beautiful  caterpillar  is  a  hairy 
very  brightly  colored  and  ornamented,  and  about  an 
nd  a  quarter  long.  Its  color  is  deep  velvety  black, 
L' transverse  row  of  tubercles  on  each  segment,  those 
being  bright  red  and  set  in  a  band  of  the  same  color, 
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which  extends  down  to  each  side.  Each  tubercle  gives  rise 
to  a  tuft  of  short,  stiff  hairs  which  are  red  on  the  upper  part 
of  the  body  and  yellowish  or  mixed  with  yellow  below. 
Upon  the  back  of  the  larva  is  a  row  of  bright  yellow  spots, 
two  or  more  on  each  segment;  below  these  and  close  to  the 
under  surface,  is  a  bright  yellow-band,  deeply  indented  on 
each  segment.  The  spiracles  are  white,  and  there  are  a  num- 
ber of  whitish  dots  scattered  irregularly  over  the  surface  of 
the  body. 

The  caterpillar  of  this  moth  feeds  usually  upon  the  wil- 
low, but  is  also  very  partial  to   the  strawberry  and  rasp- 


Fig.  ISe.-^Acronycta  oblinlta.  S.  &  A.     After  Riler. 

berry,  and  is  not  infrequently  found  upon  the  apple  and  even 
the  grape.  Being  often  parasitized  it  is  not  likely  to  ever  be- 
come very  destructive,  and  as  it  is  quite  conspicuous  it  is 
readily  seen.  When  ready  to  pupate  it  constructs  a  rather 
coarse  cocoon  of  leaves  and  silk,  inside  of  which  it  changes 
to  a  dark-brown  pupa.  We  have  two  annual  broods  of  this 
insect. 

The  moth  is  not  such  a  gaudy  looking  insect  as  its  cater- 
pillar, but  has  a  very  modest  and  plain  appearance.  :  Its 
fore-vving3  are  gray,  with  a  row  of  blackish  dots  along  the 
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hind  border.  The  wing  beyond  the  middle  is  crossed  by  a^ 
broken,  blackish,  somewhat  indistinct,  zigzag  line;  some 
darker  gfrayish  spots  are  also  found  about  the  middle  of  the 
wing.  The  hind  wings  are  white.  Both  moth,  larva,  and 
•cocoon  are  shown  in  Fig.  156. 

There  are  a  number  of  other  dagger-moths  whose  larvae 
are  more  or  less  destructive,  being  found  upon  the  foliage  of 
irutt  trees  and  upon  that  of  our  small  ftoiits.  Especially 
the  blackberry  and  raspberry  are  to  the  taste  of  such 
worms. 

We  do  not  very  often  find  the  larvae  of  Acronycta  xilini" 
formis  Gn.  upon  the  foliage  of  the  blackberry,  but  we  do 
much  more  frequently  on  the  willow,  rose  and  oak.  These 
caterpillars  possess  a  certain  urticating  power,  which  is 
located  in  a  number  of  stiff  and  acute  spines  springing  from 
warts  located  on  the  back.  Even  the  common  caterpillar  of 
Acronjrcta  americana,  30  numerous  upon  such  shade  trees 
as  maples,  etc.,  although  covered  apparently  with  long  and 
soft  hairs,  can  cause  considerable  irritation  upon  a  soft  and 
tender  skin,  and  the  writer  has  seen  the  greatly  inflamed 
neck  of  a  boy  upon  which  one  of  these  caterpillars  had  been 
pressed  by  the  collar  of  the  vest  or  coat.  This  urticating  ef- 
fect seems  to  be  simply  a  mechanical  one,  and  not  one  caused 
by  the  presence  of  any  special  acid. 

A.  /brci/fera,  A.  /ragilis,  A.  litbopsila,  A.  fitneralisy  A.  tri- 
tona,  A.  falcala,  A.  grisea,  A.  luteicoma,  A.  morula,  and 
A.  bamamelis  all  occur  Jn  our  state  and  are  all  known  to 
feed  to  some  extent  upon  the  leaves  of  fruit-producing  plants. 

THE  PALSIED  CATERPILLAR. 

{Harrisimemna  trisignata  Walk.). 

There  are  few  caterpillars  that  possess  such  a  peculiar 
shape,  or  have  such  alarming  habits  as  this  one,  which  is 
frequently  found  upon  the  foliage  of  ash,  willow,  lilac  and 
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the  apple.  Persons  not  familiar  with  such  harmless  beings 
as  caterpillars  are  apt  to  call  this  one  a  most  hideous  look- 
ing object,  especially  if  they  happen  to  disturb  it  ever  so 
slightly;  in  this  case  the  worm  will  raise  the  front  part  of 
the  body  back  to  the  abdominal  feet,  and  thresh  it  violently 
from  side  to  side,  in  fact,  its  head  shakes  nearly  all  the  time, 
lite  a  person  with  the  palsy.  To  heighten  the  effect  the  cater- 
pillar carries  a  string  of  cast  heads  upon  some  very  long  and 
stiff  hairs  just  behind  the  head.  The  caterpillar  has  head 
and  adjoining  segment  black;  segments  3  and  4  yellow  with 
black  points;  segments  5,  6,  and  7  are  brown  varied  with 
white  and  8,  9  and  10  are  white,  11,  12  and  13  are  brown- 
ish-black. The  body  is  very  deeply  incised  between  the  seg- 
ments, and  the  abdominal  feet  are  long,  especially  the  first 
two  pairs.  Segments  6  and  12  are  much  produced  dorsally, 
being  very  pointed;  this,  together  with  the  habit  of  arching 
the  body  between  the  anterior  feet  and  the  long  abdominal 
ones,  causes  it  to  present  a  very  irregular  and  jagged  out- 
line. The  caterpillar  eats  a  hole  of  the  diameter  of  its  body 
into  soft  wood,  and  in  it  changes  to  a  pupa. 

The  moth  is  one  of  the  most  distinct  and  striking  ones- 
of  all  North  American  noctuids,  possessing  three  round 
and  brown  patches  on  each  wing. 

The  insect  is  not  common  enough  to  cause  much  injury. 

All  the  noctuid  mentioned  thus  far  resemble  bombycid 
caterpillars,  being  hairy,  even  possessing  pencils  and  tufts- 
of  hairs,  and  spinning  a  cocoon.  Most  of  the  noctuid  cat- 
erpillars described  hereafter  are  genuine  noctuid  caterpillars^ 
and  are  frequently  called  **Cut-worms." 

Most  cut-worms  hid?  in  the  ground  during  the  day  and 
do  not  commence  to  feed  until  night,  when  low-growing 
plants  are  attacked.  Some,  however,  have  developed  a 
climbing  tendency,  and  make  their  way  upon  trees  and 
shrubs  to  eat  the  young  shoots  and  buds.  Whenever 
sach  climbing  cut- worms  are  at  all  numerous  in  our  orchards^ 
and  fruit-gardens  they  can  cause  great  destruction,  and  we- 


Digitized  by  VjOOQIC 


OWLET-MOTHS. 


213 


have  cases  on  record  where  they  did  more  damage  than  any 
other  insect  enemy.  Being  nocturnal  they  are  not  often 
seen,  but  if  the  reader  will  go  out  some  night  early  in  spring, 
and  beat  with  a  stick  the  twigs  of  fruit-trees  over  an  invert- 
ed umbrella,  he  will  have  no  trouble  in  finding  more 
worms  than  he  likes  to  see.  The  writer  has  in  this  way 
beaten  from  a  single  small  apple-tree  as  many  as  100  cut- 
worms, which  accounted  for  the  fact  that  these  trees  did  not 
seem  to  do  as  well  as  they  ought  to.  During  the  day  these 
cut-worms  hide  in  the  ground  near  the  tree.  As  a  general 
rule  large  numbers  of  them  can  be  killed  by  the  use  of 
poisoned  baits  made  of  bran,  Paris-green,  water  and  a  little 
sugar  or  molasses.  These  baits  are  placed  near  the  tree,  and 
will  almost  invariably  attract  and  kill  the  majority  of  such 
worms.  Other  baits  made  of  wilted  plants  and  Paris-green 
are  also  of  great  use. 

It  would  take  too  much  space  to  describe  the  large  num- 
ber of  cut-worms  that  can  be  found  upon  our  fruit-producing 
plants,  and  only  jsl  few  will  be  given;  the  habits  of  all  are 
essentially  alike. 

THE  GREASY  CUT-WORM. 

[Agrotis  ypsilon  Rott,). 
This  is  one  of  our  most  abundant  cut- worms  which 
attacks  all  sorts  of  garden  products  and  other  low-growing 

plants; it  is  frequently  quite  de- 
structive to  the  strawberry  beds. 
When  full  grown  it  is  about  an 
inch  and  a  half-long,  dull  brown, 
inclined  to  black,  with  paler  long- 
itudinal lines,  and  a  faint  broken 
yellowish -white  line  along  the 
back,  and  two  other  indistinct 
pale  lines  on  each  side.  The  moth 
is  readily  recognized  by  the  ypsi- 
lon-shaped  mark  upon  the  fore- 
Pi«.  i57.-A4rrot/*  rpBiion  Rott.       wings,  which  are  brownish-gray 

After  Riley. 
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with  darker  markings;  the  hind- wings  are  almost  white 
and  semi-transparent,  .and  possess  a  pearly  lustre.  Both 
caterpillar  and  moth  are  shown  in  Fig.  157. 

THK  VARIEGATED  CUT- WORM.    ^ 

(Peridroma  saucia  Hub.). 

We  quite  Often  find  a  large  number  of  eggs,  of  a  pinkish 
color,  round  and  flattened,  deposited  side  by  side  on  the 
twigs  and  leaves  of  the  apple  and  cherry.  These  eggs  hatch 
into  small  dull-yellowish  worms  with  darker  spots.  The 
mature  caterpillar  is  of  a  dull  flesh-color,  mottled  with 
brown  and  black,  and  with  elongated  velvety-black  mark- 
ings on  each  side.  This  is  one  of  the  most  voracious  of  all 
cut-worms,  and  may  be  found  at  almost  any  time  during 
the  season  hidden  in  the  ground  near  spme  plant.  After 
reaching  a  length  of  about  two  inches  it  enters  the  ground 
to  form  there  an  oval  and  smooth  cavity  in  which  it 
changes  to  a  deep  mahogany-brown  pupa. 


Pig.  168.— Per/cfroma  aaocia  Hub.    After  Riley. 

The  moth,  which  expands  about  an  inch  and  three  quar- 
ters across,  has  grayish-brown  fore-wings,  marked  with 
brownish-black;  the  hind-wings  are  pearly  white,  shaded 
towards  the  margin  with  pale-brown.  The  caterpillar,  eggs 
and  moth  are  illustrated  in  Fig.  158. 
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THE   **W      MARKED  CUT-WORM. 


{Noctua  ^clandestina  Harr.). 

Phis  caterpillar  is  also  found  upon  the  foliage  of  the 
e  and  currant.    In  some  seasons  it  damages  seriously  the 


Plff.  159.— Noctua  clunfJestinH  Harr. 

e-buds,  though  it  usually  prefers'such plants  ascorn,cab- 
i,etc.    Both  caterpillar  and  moth  are  shown  in  Fig.  159. 

THE  CLIMBING  CUT- WORM. 

{Carneades  scandens  Ril.). 

rhis  cut- worm  is  a  very  active  climber  and  causes  great 
:s  to  the  nurseries  and  orchards.    The  caterpillar  (Fig. 

160)  is  of  ^  light  yel- 
lowish-gray color,  var- 
iegated with  dull  green; 
with  a  dark  line  down 

50.— Conieadesacandcns  Ril.,  caterpillar.         the     back     and    faiutcr 

along  the  sides;  the  spiracles  are  dark,  as  are  the  cervical 
-shields.  It  reaches  a  length  of  nearly  an  inch  and  a  half 
when  it  enters  the  ground  and  changes  to  a  brown  pupa, 
I  which  in  time  emerges  the  moth,  which  is  of  a  light 
r,  the  fore-wings  being  light  bluish-gray,  with  darker 
kings,  and  the  hind-wings  pearly  white.  This  cut-worm 
?ry  common  in  Minnesota,  and  sometimes  almost  en- 
y  destroys  the  very  young  foliage  of  our  white  and  over- 
oaks.  The  moth  is  shown  in  Fig.  160,  plate  VIII. 
rhe  Striped  Cut-worm  {Feltia  jaculifera  Gn.),  the 
CKERED  Rustic  (Carneades  tessellata  Harr.),  the  Er- 
c  Army-worm  {Noctua  fennica  Tausch),  and  a  number 
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of  other  cut-worms  are  only  too  frequent  visitors  to  our 
gardens,  and  are  never  slow  in  devouring  the  foliage  of 
the  strawberry  and  other  low-growing  plants.  They  are 
always  very  destructive  in  nurseries,  and  not  seldom  enter 
the  greenhouses,  where  they  can  cause  great  havoc  amongst 
tender  plants. 

The  use  ot  poisoned  baits  against  cut-worms  has  already 
been  given ;  it  can,  of  course,  be  employed  against  all  kinds, 
including  the  climbing  ones.  One  of  the  most  effective  rem- 
edies against  the  latter  is  to  fasten  strips  of  tin  around  the 
tree,  cut  in  such  a  way  as  to  form,  when  fastened  to  the  trunk, 
a  sort  of  inverted  iunnel.  Many  worms  can  be  collected 
after  dark  by  jarring  the  trees  over  sheets  spread  on  the 
ground.  The  writer  uses  with  verj'-  good  results  a  large  in- 
verted umbrella,  the  inside  of  which  is  lined  with  some  material 
like  that  used  in  the  Turkish  or  bath-towels;  this  absorbent 
material  is  soaked  with  kerosene,  and  all  insects  that  drop 
in  the  umbrella  must  come  in  contact  with  the  oil  and  are 


•Fig.  161. — Matncstra  picta  Harr.    From  DIv.  of  Bntomology,  Dep.  of  Agriculture. 

doomed  to  die.  In  this  manner  large  numbers  of  various 
kinds  of  insects  can  be  beaten  from  the  trees  into  the  inverted 
umbrella  and  then  destroyed.  If  very  many  trees  have 
to  be  protected  against  the  ravages  of  these  and  allied  in- 
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s  it  is  of  course  best  to  spray  them  with  Paris-green  or 
don-purple,  in  the  proportion  of  a  teaspoonful  to  a 
ful  of  water,  to  which  should  be  added  some  lime-water 
leutralize  any  free  acid.  In  Germany  the  foresters  pro- 
trees  by  the  use  of  "Raupenleim'*  or  dendrolene;  this  is 
icky  material  painted  in  a  ring  or  band  around  the  trunk 
he  tree  knd  which  prevents  the  worms  from  ascending, 
ide  layer  of  fluflFy  cotton-batting,  tied  at  the  bottom  and 
ed  over  to  form  a  cone,  is  a  good  substitute  for  the  Rau- 
eim,  which  can,  however,  now  be  bought  in  the  United 

lCS. 

There  are  other  genera  of  cut-worms  which  are  injurious 
ruit  and  fruit  trees.  Mamestra  con/usa  Hub.  has  been 
id  feeding  upon  the  foliage  of  apples ;  so  has  Af .  assimilis 
rr.,  and  even  M,  picta  Harr.,  the  Common  Zebra-cater- 
ir  of  the  Cabbage  (Fig.  161)  is  not  averse  to  eating 
le  leaves. 

THE  GLASSY  CUT-WORM. 


{Hadena  devastatrix  Brace). 

This  insect  belongs  to  another  genus  of  cut-worms.    The 
►sy-looking  caterpillar  is  of  a  shining  pale-greenish  color, 


Fig.  leS.^Hadeaa  devastatrix  Brace.    After  Riley. 

h  a  brownish-red  head  and  a  dark  brown  and  horny 
rical-shield.  It  has  on  each  ring  a  number  of  shining 
s,  from  which  arise  single  hairs.  The  ashen-gray  moth 
larked  with  black  and  white  spots,  streaks  and  dots;  the 
J-wings  are  pale  and  brownish-gray. 
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These  caterpillars  are  very  destructive  to  the  straw berrVr 
as  they  not  simply  eat  the  leaves  but  cut  through  the  base 
of  the  plant,  leaving  it  to  wilt.  It  is  not  easy  to  destroy 
this  insect,  although  the  free  use  of  arsenical  poisons  will 
have  some  good  effect. .  All  plants  that  are  seen  to  wilt  sud- 
denly should  be  closely  investigated,  and  with  a  little  atten- 
tion the  culprit  will  be  iound  in  the  ground  within  a  few 
inches  of  the  infested  plant.    It  is  illustrated  in  Fig.  162. 


THE   FALL  ARMY-WORM. 

{Lapbygma  frugiperda  Guen.). 


Fig.  163." Lapbjrgtn a  frugiperda  Guen.    After  Riley. 

This  insect  has  been  repeatedly  found  in  its  larval  state 
upon  the  foliage  of  the  apple  tree,  though  its  usual  food- 
plants  are  grains  and  grasses ;  it  seems  to  be,  however,  a 
very  general  feeder.  The  eggs,  which  are  deposited  in  small 
clusters,  were  also  found  upon  the  apple,  and  the  young 
caterpillars  which  hatched  from  them  were  fed  with  the 
leaves  of  that  tree,  and  they  seemed  to  enjoy  this  food. 
There  is,  ho wever,  little  danger  that  this  species  will  ever  be- 
come destructive  to  our  orchards,  but  it  will  always  be  more 
or  less  injurious  to  our  small  grains.  It  seems  to  have  many 
enemies  amongst  parasitic  insects,  otherwisetheinsect  would 
be  very  much  more  common  than  it  is.  The  moth,  which 
varies  greatly,  and  the  caterpillar  are  shown  in  Fig.  163. 
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THE    CHAMYRIS. 


{Chatnjrris  cerintha  Tr.). 

rhis  beautiful  moth,  shown  in  Fig.  164,  Plate  VIII,  feeds 
as  a  caterpillar  upon  the  leaves  of  apple,  plum,  rose  and 
ed  plants,  but  is  not  common  enough  to  cause  much 

PYRAMID  GRAPE-VINE  CATERPILLAR. 

{Ampbipyra  pyramidoides  Guen. ). 

Phis  is  a  very  common  insect,  which  gathers  in  Urge 
bers  about  baits  made  of  fermenting  substances;  many 
e  moths  are  found  also  late  in  the  season  hiding  under 
e  bark  in  the  woods.  Yet  notwithstanding  that  the 
b  is  very  common  the  fine  looking  caterpillars  are  not 
lently  seen,  since  they  either  hide  during  the  day  or  re- 


Figr.  165. — Ampbipyra  pyramidoides  Gn.     After  Riley. 

3le  so  closely  the  foliage  among  which  they  are  feeding 
'sting  that  they  are  not  readily  detected.  But  the  effect 
leir  bungry  mouths  is  sometimes  plainly  visible  upon  the 
1,  grape-vine,  raspberry,  strawberry  and  other  culti- 
d  and  wild  plants.    The  caterpillar  is  nearly  an  inch  and 


J^ 


Digitizec 


djy  Google  i^ 


220  OWLET-MOTHS. 

a  half  long,  naked,  tapering  towards  the  front  and  thick- 
ened  behind.  It  has  a  small  head,  whitish-g^een  in  color, 
with  the  powerful  mandibles  tipped  with  black;. the  body  is 
also  whitish-green,  a  little  darker  on  the  sides,  with  a  white 
stripe  on  the  back,  widening  behind  and  slightly  broken  be- 
tween the  segments.  A  bright  yelIo\^  stride  occurs  on  each 
side  and  asecond  one  of  the  same  color,  but  fainter,  half  way 
between  this  and  one  on  the  back,  which  is  more  distinct 
posteriorly  and  which  follows  the  peculiar  prominence  on 
thetwelfth  segment.  The  under  side  of  the  body  is  pale-green. 
As  soon  as  mature  the  caterpillar  descends  to  the  ground, 
where  it  draws  together  some  old  leaves  or  similar  material,, 
amotig  which  it  spins  a  slight  cocoon,  inside  of  which  it 
changes  to  a  dark- brown  pupa,  from  which  the  adult  insect 
escapes  the  latter  part  of  July  or  early  in  August. 

The  moth  is  a  large  and  rather  heavy  insect,  measuring 
across  the  wings  about  one  and  three-quarter  inches.  The 
fore- wings,  which  have  a  peculiar  silky  lustre,  are  dark 
brown,  shaded  with  paler  brown  and  with  dots  and  wavy 
lines  of  dull  white:  the  hind-wings  are  reddish  with  a  cop- 
pery lustre,  becoming  brown  on  the  outer  angle  of  the  front 
edge  of  the  wing  and  paler  towards  the  hinder  and  inner 
angle.  The  under  surface  of  the  wings  is  much  paler  than 
the  upper.  The  body'  is  dark  brown;  the  rings  have  a  pale 
border.     Both  moth  and  caterpillar  are  shown  in  Fig.  165. 

THE  Sn.KY  PYROPHILA. 

(Pyropbila  tragopoginis  Linn.). 

Only  a  single  specimen  of  this  interesting  moth  has  been 
captured,  in  Rochester,  Minn.  Its  caterpillar  feeds  upon  the 
grape,  and  occurs  in  the  Eastern  States  in  sufficient  numbers 
to  become  a  source  of  annoyance.  According  to  Saunders 
the  caterpillar  of  this  moth  is  of  a  yellowish-green  color, 
with  a  very  few  fine  brownish  hairs  scattered  over  the  upper 
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)  of  its  body.  It  attains  its  full  growth  about  the 
of  June,  when  it  measures  an  inch  and  a  quarter  or 
n  length.*  The  head  is  small,  green,  the  jaws  tipped 
rown;  the  surface  of  the  body  is  yellowish-green,  a  lit- 
ir  between  the  joints;  there  is  a  white  stripe  down  the 
ind  two  of  the  same  color  along  each  side,  the  lowest 
ng  most  distinct.  On  each  segment  there  are  several 
vhite  dots,  from  each  of  which  arises  a  single  fine  hair. 
der  side  is  deeper  in  color  than  the  upper.  When  ma- 
changes  a  little  under  the  surface  of  the  ground  to  a 
chrysalis,  from  which  the  perfect  insect  escapes  in. 

?  moth  measures,  when  its  wings  are  spread,  about 
1  and  a  quarter  across.  Its  fore-wings  are  grayish- 
,  with  a  silky  lustre,  with  several  pale  dots  on  the 
dge,  and  three  short  dark  streaks  near  the  middle. 
id*wings  are  paler. 

len  found  to  be  injurious  the  caterpillars  may  be  sub- 
y  hand-picking  or  by  the  use  of  arsenical  poisons. 


THE  STALK  BORER. 

(Gortyna  nitela  Gu.).  ' 

L898  the  caterpillars  of  this  insect  were  very  common 
urious  in  Minnesota.  They  not  only  destroyed  much 
straw  in  many  places,  but  also  caused  great  injury 
ranes  of  raspberries  and  blackberries,  which  they  hol- 
out  so  that  the  infested  parts  of  the  plants  wilted 
i6,  Plate  XXIII).  They  also  bored  in  the  stems  of  the 
>,  potato,  spinach,  aster  and  others,  and  even  twngs 
e  trees  did  not  escape.  The  worms  devoured  in  some 
be  fruit  of  the  strawberry.  Besides  useful  plants, 
ilso  were  destroyed  by  these  voracious  feeders. 
long  as  the  caterpillars  are  still  young  they  are  of  a 
le  with  bright  stripes  along  the  body,  the  one  on  the 
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side  being  interrupted  towards  the  head.  When  the  larva 
has  reached  its  full  size  it  leaves  the  cane,  etc.  which  it  had 
occupied  and  descends  a  little  below  the* surface  of  the 
ground,  where  it  transforms  to  a  brown  pupa,  from  which 
the  moth  emerges  from  about  the  end  of  August  to  the 


Fig:.  167  —Oortjrna  nitcJa  Gu.     From  Div.  of  Bntomology,  Dep.  of  Agrriculture. 

middle  of  September.    The  moth  is  of  a  general  mouse-gray 
i  color,  with  a  light  band  on  each  fore-wing.    It,  and  the 

V  caterpillar,  is  shown  in  Fig.  167. 

There  is  no  known  remedy  for  these  insects  in  the  fields; 
in  case  the  plant  infested  in  an  orchard  is  a  valuable  one  we 
have  to  remove  the  caterpillar  with  the  knife. 


THE  WHITE-DOTTED  APPLE-WORM. 

{Nolapbana  malana  Fitch). 

This  moth  (Figs.  168  and  169.  Plate  VIII.)  is  fairly 
common  in  Minnesota,  although  its  larva  was  not  observed 
upon  the  tree  it  infests  until  the  last  season,  when  late  in 
autumn  it  was  so  numerous  in  some  iso- 
lated cases  as  even  to  cause  some  injury. 
The  worms  were  found  of  nearly  all  sizes 
as  late  as  September  15th,  eating  reg- 
-Fig:.  168— No/aP/i«na  ular  uotchcs  iu  xht  margins  and  holes  in 
the  middle  of  the  leaves  of  the  apple. 
Bach  caterpillar  feeds  alone,  and  is  well  hidden  on  the  under 
side  of  the  leaf,  which  is  usually  somewhat  bent  and  hollow. 
It  is  a  rather  thick,  cylindrical,  light  whitish-green  worm, 
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h  uumerous  whitish  dots.  On  reaching  maturity  the 
ra  selects  a  leaf  and  drawing  together  a  portion  of  it 
h  silken  threads  forms  a  sort  of  hollow  tube.  In  this  it 
kes  a  very  slight  silky  cocoon,  inside  of  which  it  trans- 
ns  to  a  brown  chrysalis.  We  seem  to  have  two  annual 
odSf  the  last  one  of  which  winters  in  the  pupal  stage. 
J  caterpillar  is  shown  in  Fig.  170,  Plate  XIX. 
The  small  moth,  which  expands  only  three-quarters  of  an 
1  or  a  little  more  across,  has  fore-wings  of  an  ashy-gray 
)r,  which  are  whitish  towards  the  margin,  crossed  by 
?e  irregular,  black  lines,  which  are  faint  and  indistinct 
rards  the  inner  edge ;  near  the  middle  of  the  wing  there  is 
[uently  a  round  and  whitish  spot  with  a  black  dot  in  the 
ter.  The  hind-wings  are  dull  whitish,  dusky  towards  the 
5.  Beneath  both  wings  are  of  a  silvery- whitish  hue, 
tnkled  with  blackish  dots  towards  the  outer  edges. 
These  caterpillars  feed  on  the  cnerry,  plum,  elm,  poplar 
I  other  trees,  but  seem  to  be  partial  to  the  apple  and 
dberry. 

THE  UNIFORM  WHITE-SPOTTED  SCOPELOSOMA. 

{Scopelosoma  sidus  Gu.). 

This  is  one  of  our  very  earliest  moths,  examples  having 
n  caught  as  early  as  March  15th.  The  moths  are  readily 
racted  to  sugar  baits,  and  come  in  large  numbers  until 
mt  the  middle  of  April,  when  they  gradually  disappear, 
captivity  they  readily  deposit  yellowish- white  eggs,  per- 
ly  globular,  and  ornamented  with  numerous  fine  ridges, 
ore  the  eggs  hatch  they  change  to  a  light  brownish  color. 
t  caterpillars  have  a  bright  honey-yellow  head,  and  the 
irical-shield,  which  is  very  prominent,  is  polished  black. 
t  thoracic  and  first  abdominal  segments  are  brownish, 
dorsal  space  is  light  green  or  whitish,  with  the  median 
!  and  subdorsal  stripe  white;    a  brown  line  above  the 
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stigmata  and  a  broad,  white,  lateral  line  are  also  seen. 
The  tinder  side  is  light  green.  All  the  piliferous  warts  are 
prominent,  black,  and  bear  a  short  fine  hair.  As  soon  as 
mature,  which  takes  place  about  the  middle  of-  Maj',  the 
larvae  enter  the  ground  in  which  they  pupate.  Some  of  the 
moths  issue  frbm  the  last  of  September  to  the  early  part  of 
November,  and  seek  shelter  under  loose  bark  and  other  suit- 
able places ;  other  pups^  remain  in  the  ground  until  the  next 
spring. 

The  moths  are  rather  uniformly  brown  with  a  few  more 
or  less  distinct  wavy  lines  of  gray  or  grayish-white.  Most 
of  them  have  in  the  middle  of  the  fore-wings  a  perfectly 
white  spot,  which  is,  however,  in  some  cases  colored  very 
lightly  with  brownish.  It  is  shown  in  Fig.  170V^,  Plate 
XXIII. 

A  number  of  other  species  of  the  genus  Scopelosoma  fly 
at  the  same  time;  they  have  identical  habits  and  their  cater- 
pillars are  all  very  similar.  They  are  very  general  feeders, 
and  as  they  hatch  in  most  cases  before  there  are  any  leaves 
they  attack  the  leaf-buds  of  oak,  cherry,  apple,  raspberry 
and  blackberry.  If  numerous  they  can  cause  some  damage. 
A  single  application  of  London  purple  will  prevent  any 
further  injury. 

THE  ASH-GRAY   PINION. 

{Xylina  antennata  Walk.). 

The  caterpillars  of  this  moth  are  also  verj'  general  feed- 
ers, but  as  they  have  the  bad  habit  of  boring  into  young 
apples  and  of  eating  the  foliage  of  that  tree,  of  the  hickory 
and  other  trees,  it  is  best  to  describe  them  in  this  place.  As 
far  as  the  habits  of  this  insect  are  concerned  they  are  very 
similar  to  those  of  the  one  just  given.  The  moths  appear 
also  very  late  in  the  year  and  quite  early  in  the  following 
one,  having  been  captured  in  large  numbers  in  April.    The 


Digitized  by  VjOOQIC 


OWLET-MOTHS. 


22S 


)wa  caterpillat  is  pale  green,  with  cream-colored 
^nd  a  broad,  cream-colored  lateral  band  along  the 
The  large  head  is  glassy-green  with  white  mottlings- 


ig.  172. — Xylina  autcanata  Walk.    Prom  Div.  of  Bntdmology, 
Dep.  of  Agriculture. 

I  and  top,  and  pearly-white  lips;  the  legs  are  whitish; 
legs  concolorous  with  the  under  side  of  the  caterpil- 
lich  is  a  glaucous-gray.  When  the  caterpillar  has 
I  a  length  of  about  o^e  inch  and  a  fourth  it  is  full 
and  now  enters,  the  ground  in  which  it  forms  a  very 
coon  of  silken  threads,  inside  of  which  it  changes 
lahpgany-brown  pupa.  Fig.  172  shows  moth  and 
llan 

i  moth  is  of  a  dull  ash-gray  color;  the  fore-wings- 
riegated  with  darker  gray  or  graj-ish-brown.  When 
the  wings  are  folded  lengthwise  and  appear  almost 
L  and  like  a  flattened  roof,  giving  the  insect  an 
:e  appearance. 

BETHUNE*S  XYLINA. 

{Xylina  BethuneiG.  &  R.). 

s  moth  is  found  in  large  numbers  with  the  preceeding 
d  as  it  feeds  in  its  larval  stage  upon  the  same  useful 
it  is  here  mentioned.  The  moth  is  very  different  in 
ion,  though  otherwise  like  antenna ta.  The  color 
freatly,  some  moths  being  almost  white,  or  brownish- 
with  slightly  darker  markings,  while  others  are  much 


Digitized  by 


% 


Gowle 


226  OWLET-MOTHS. 

darker,  with  quite  dark  brown  markings,  which  obscure  the 
lighter  ground-color.  The  under  wings  also  vary  in  intensity 
of  color,  some  being  almost  cream-white,  while  others  are 
decidedly  dusky.  A  moth  is  shown  in  Fig.  173,  Plate  XXIII. 

The  life-history  of  this  insect  is  almost  identical  with 
that  of  antennata, 

A  number  of  other  species  of  this  genus  fly  at  the  same 
time,  and  as  they  are  sometimes  very  numerous  they  must 
cause  some  injury.  The  caterpillars  of  X.  devia  and  of  X. 
ferralis  have  been  bred  in  captivity  not  alone  upon  oak  but 
also  upon  the  apple. 

THE  PLUM-TREE  CATACOLA. 

{Catacola  ultronia  Hub.). 

In  the  large  family  of  noctuid  moths  few  are  better 
known  and  more  admired  than  the  moths  forming  the  ex- 
tensive genus  Catacola.  As  far  as  the  collector  of  moths 
and  butterflies  is  concerned  these  insects  are  his  pets.  The 
members  of  this  genus  are  medium  or  quite  large  moths,  with 
very  bright  colored  hind-wings,  which  are  banded  with 
black,  yellow,  red,  or  white;  even  the  blue  color  occurs  in  a 
German  species,  where  the  moths  are  known  by  the  name  of 
'*Ordensbander.'*  Their  fore-wings  are  mottled  with  vari- 
ous colors  and  look  like  bark.  They  rest  exposed  during  the 
day  upon  the  trunks  of  trees,  entirely  invisible  because  they 
thoroughly  blend  with  their  surroundings  and  having  the 
bright-colored  under-wings  entirely  covered  with  the  upper 
ones.  The  moths  seem  to  know  how  the  surface  of  their 
fore-wings  is  marked  and  colored,  since,  if  disturbed,  they 
fly  off*  very  rapidly  to  some  other  tree,  and  circling  around  it 
they  do  not  settle  unless  it  offers  spots  matching  these 
colors. 

The  caterpillars  of  the  moths  under  consideration  are 
very  curious  beings,  which  resemble  those  of  the  lappet- 
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Jis  already  described.  The  leech-likeVcaterpillar  (Fig. 
)  is  flattened,  having  the  body  thick  in  the  middle  and 
pring  towards  each  end.  It  is  of  a  grayish-brown  color, 
the  bark  upon  which  it  hides  while  resting.  When  full 
wn  it  is  a  little  longer  than  an  inch  and  a  half,  is  dull 
yish-brown  above,  with  two  or  four  small  reddish 
ercles  on  each  segment  of  the  body,  all  encircled  by  a 
ht  ring  of  black  at  their  base.  On  the  upper  part  of  the 
:h  segment  is  a  stout  and  fleshy  horn  about  one-twelfth 
n  inch  long,  pointed,  and  similar  in  color  to  the  body, 
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with  an  irregular  grayish  patch  on  each  side.  On  the 
Jfth  segment  there  is  a  low,  fleshy  ridge,  tinted  behind 
h  deep  reddish-brown;  there  is  also  an  oblique  stripe  on 
\  segment  of  the  same  color  extending  forward. 
Along  the  sides  of  the  body,  and  close  to  the  under  sur- 
j,  there  is  a  thick  fringe  of  short,  fleshy  looking  hairs  of  a 
cate  pink  color.  The  under  side  is  also  pink,  deeper  in 
>r  along  the  middle,  with  a  central  row  of  nearly  round 
ck  spots,  which  are  largest  from  the  seventh  to  the 
renth  segment. 

These  caterpillars  are  not  uncommon;  they  prefer  the 
age  of  the  plum-trees,  upon  which  tree  they  sometimes 
ur  in  large  but  never  in  destructive  numbers.    When  the 
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<:aterpillar  has  reached  its  full  size  towards  the  end.  of  June 
it  descends  to  the  gpround,  where  under  some  dead  leaves  it 
makes  a  very  flimsy  cocoon  of  silk,  inside  of  which  it  changes 
to  a  brown  pupa,  which  is  densely  covered  with  a  peculiar 
bluish  flour-like  substance  that  rubs  off  very  readily. 

The  beautiful  moth,  shown  in  Fig.  174?  and  in  Fig. 
175,  Plate  XXIV,  has  the  fore-wings  of  a  rich  amber  color, 
darkest  on  the  hind-margin,  with  a  broad  diffused  ash- 
<:olored  band  along  the  middle,  not  extending  to  the  apex, 
which  is  brown.  Several  brown  and  white  zigzag  lines  cross 
the  wings.  The  hind-wings,  usually  so  dull  colored  in  Owlet- 
moths,  are  deep  red,  with  a  wide  black  band  along  the  outer 
margin  and  a  narrower  one  of  the  same  color  across  the 
middle. 

The  moth  deposits  her  eggs,  which  are  well  hidden  in  the 
<:racks  of  bark,  during  July  and  August. 

THE  APPLE-TREE  CATACOLA. 

{Catacola  grynea  Cram.). 

This  is  another  species  found  rather  abundantly  in  Min- 
nesota. The  moth  is  not  as  brightly  colored  as  the  one 
described  before,  but  is  also  a  very  fine  insect.  Its  fore-wings 
are  uniformly  grayish-brown,  marked  with  zigzag  lines  of 
rich  brown  and  g^ay,  and  with  a  numberof  very  dark-broken 
short  streaks  on  the  anterior  margin.  The  under-wings  are 
reddish-yellow,  margined  with  lighter  reddish-yellow,  and 
-crossed  by  two  wavy  black  bands.  It  is  shown  in  Fig.  176, 
Plate  XXIV. 

The  caterpillar  is  ashen-brown  with  a  reddish  oast.  An 
indistinct  light-colored  dorsal  line  and  two  or  three  indis- 
tinct lateral  light-colored  stripes  distinguish  it.  On  the 
dorsal  space  is  a  row  of  small  prickles,  of  which  those  on  the 
posterior  part  of  each  segment  are  the  largest.  There  are 
three  small  points  on  the  sides  of  each  segment  arranged  in 
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form  of  a  triangle.  On  the  top  of  segment  eight  there,  is 
•ojection,  sometimes  of  a  redder  color  than  the  body.  The 
er  side  is  light  colored,  sometimes  tinged  with  red, 
•ked  with  a  row  of  black  spots,  one  to  each  segment, 
head,  bilobed  at  top,  is  reddish  or  grayish-ash,  fre- 
titly  bordered  on  the  top  and  sides  with  black.  When 
grown  the  caterpillars  measure  one  and  a  quarter  inches 
jngth ;  it  now  forms  a  cocoon  among  dead  leaves. 
The  two  anterior  pairs  of  abdominal  legs  are  mnch 
Jler  in  the  caterpillar  of  this  genus  of  moths  than  the 
>  posterior  pairs,  hence  they  possess  a  looping  gait. 
There  are  other  species  of  Catacola,  the  caterpillars  of 
ch  occur  upon  the  foliage  of  fruit  trees,  but  as  the  life- 
ories  of  all  are  very  similar  it  is  not  necessary  to  men- 
i  them.  At  all  events  they  do  not  occur  in  sufficient  num- 
i  to  cause  much  injury.  A  much  larger  species  found  on 
le  is  C.paleogama  Gu.,  on  Plate  XXIV,  Fig.  177. 
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[ILY    GEOMETRIDiE    OR    SPAN-WORMS,   LOOPERS    OR    MEAS- 
URING-WORMS. 


There  is  not  much  difficulty  in  recognizing  these  insects. 
\  moths  possess  slender  bodies,  small  heads,  and  very 
ad,  frail  and  thin  w;ings.  The  hind-wings  are  usually 
much  ornamented  as  the  fore- wings,  so  that  the  lines  of 

one  pair  are  often  continued  across  the  other.  The 
er-wings  are  not  hidden  at  rest,  but  all  four  wings  ate 
y  extended  in  most  cases,  although  exceptions  occur. 
J  caterpillars  lack  all  save  one  or  at  most  two  pairs  of 
e  or  abdominal  unjointed  legs,  and  in  moving  they  first 
end  the  bod3''  to  its  full  length,  then  bring  the  posterior 

of  it  close  to  (the  front  legs,  looping  the  body  in  the 
ter,  then  stretch  out  again  and  repeat  the  action.  This 
uliar  motion  has  given  them  the  names  of  Span-worms 
Measuring-worms,  as  well  as  their  scientific  name  Geo- 
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metridse.  Prof.  Comstock  describes  these  worms  and  their 
very  chacteristic  actions  in  this  way:  '*As  children  wehad  the 
dislike  for  'worms'  that  is  common  to  people  that  are  uned- 
ucated to  the  beauties  of  nature.  All  larvae  were  'worms/ 
and  we  never  thought  of  admiring  their  beautiful  colors,  or 
of  watching  them  build  interesting  houses,  or  of  keeping 
them  until  they  spun  their  silken  cocoons.  But  the  measur- 
ing-worms were  excepted  from  this  dislike.  We  always 
found  these  delicate,  greenish  or  yellowish  caterpillars  with 
their  looping  motion  vastly  interesting.  We  allowed  them 
to  measure  our  fingers  with  their  little  tickling  feet,  and  we 
counted  each  length  as  a  yard.  We  were  always  delighted 
with  the  way  they  had  of  standing  on  their  hind  legs,  rearing 
the  body  up  into  the  air,  and  moving  the  head  around  as  if 
looking  at  the  scenery.  And  then,  if  one  became  frightened 
in  any  way,  it  would  drop  suddenly,  suspended  by  a  silken 
cord,  which  it  had  mysteriously  concealed  in  its  mouth ;  and 
down  it  would  go,  doubling  and  whirling  around  and 
around  frantically  until  it  reached  the  ground.'* 

THE  SNOW-WHITE  EUGONIA. 

[EnnomoS  subsignarius  Hbn.). 

This  is  a  very  common  moth,  which  has  long  been  knowti 
as  destructive  to  shade  trees,  and  especially  to  the  elm  and 
linden.  But  its  caterpillar  feeds  also  upon  the  foliage  of  the 
dpple,  and  in  the  south  this  insect  has  been  quite  destructive 
from  time  to  time. 

The  moth  is  pure  white,  spreading  about  an  inch  and  a 
half  across.  The  sexes  differ  in  the  antenrae  which  are 
strongly  pectinated  and  toothed  in  the  male  and  but  slightly 
so  in  the  female.  The  latter  deposits  a  large  number  of 
smooth  irregularly  ovoid  eggs,  slightly  flattened  on  the 
sides,  rounded  at  the  bottom,  with  a  depressed  top  with  a 
whitish  rim  or  edge,  which  forms  a  perfect  oval  ring.    Many 
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^ds  of  eggs  are  deposited  in  rows  on  the  underside  ol 
lbs,  frequently  near  the  very  tops  of  the  trees. 
le  dark-brown  caterpillar  has  the  laree  head  and^tcr 
segment  of  a  red  color.     '    ^ 


^g.  178. — Bufiroaia  mnhaigntiria.  Hbn.    Prom  Div.  of  EntomoloiTTt 
Dep.  of  Agricttlttire. 

henerer  this   insect   becomes   as   numerous  as  it^is 
er  regions,  where  its  caterpillars  devour  the  leaves  of 
t  every  kind  of  tree,  bush  or  shrub,  we  should  spray 
fested  trees  with  Paris  green  or  London  purple, 
le  moth  and  caterpillar  are  shown  in  Fig.  178. 

THE  CURRANT  ENDROPIA. 

(Endropia  armataria  H.  S.). 

lis  is  not  a  common  insect,  hence  not  injurious  at  pres- 
et it  has  been  found  several  times  in  rather  large  num- 
ipon  the  black  currant,  the  leaves  of  which  are  eaten 
larvse.  It  also  eats  the  foliage  of  the  red  currant.  We 
uring  July  small  and  nearly  black  measuring-worms 
the  leaves  of  this  plant;  the  worms  are  spotted  with 
ellow,  and  have  a  series  of  crescent-shaped  spots  on 
)ack  and  a  row  of  raised  dark-brown  dots  along  each 
hose  on  the  posterior  segment  being  tipped  with  yel- 
vhile  on  the  last  segment  there  is  a  fleshy  hump  or 
nence  composed  of  two 'round  tubercles.     This  cater- 
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pillar  reaches  a  length  of  three-quarters  of  an  inch,  when  it 
constructs  a  slight  web,  interwoven  with  bits  of  dead  leaves 
and  other  rubbish.  Inside  this  cocoon  it  changes  to  a  browa 
pupa  which  does  not  produce- the  winged  insect  until  June  of 
the  following  year. 

The  small  moth  is  a  ra.ther  pretty  insect,  having  the 
wings,  and  especially  the  hind  ones,  deeply  indented.  The 
wings  are  yellowish-brown,  shaded  with  purple,  especially 


Pig^.  179.— Bttdropia  armataria  H.  S. 

ou  the  hind-wings,  and  with  streaks  and  dots  of  a  deeper 
shade  of  brown.  The  lower  surface  of  the  wings  is  deep- 
yellow  dotted  and  streaked  with  reddish-brown.  Two 
jnoths  are  shown  in  Fig.  179. 

THE  CURRANT  ANGER6NA. 

{Angerona  crocataria  Fab.). 

The  moth  of  this  insect  is  quite  numerous,  and  may  be 
frequently  seen  flying  about,  especially  if  we  flush  it  by  walk- 
ing in  open  woods  or  wherever  the  wild  currant,  gooseberry 
and  strawberry  are  found  in  abundance.  It  is  a  bright-col- 
ored insect,  varying  greatly  in  intensity  of  colors  and  mark- 
ings of  wings.  The  usual  color  is  sulphur-yellow,  more  or 
less  intense,  marked  with  brownish  or  dusky  spots,  which 
are  sometimes  very  numerous,  while  in  other  examples  they 
are  almost  absent.  In  well-marked  examples  they  form  an 
imperfect  band  across  the  wings.  The  underside  of  the  in- 
sect is  usually  a  little  deeper  in  color  than  the  upper  one. 
With  expanded  wings  the  moths  measure  nearly  an  inch  and 
a  half  across.  » 
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:  caterpillar,  a  little  longer  than  one  inch  and  a  half 
nature,  is  a  typical  spanning— or  measuring-worm, 
:apers  considerably  towards  the  front.  It  is  of  a  yel- 
green  color,  with  an  indis^nct  whitish  line  down 
rk,  and  a  rather  broad  whitish  streak  on  each  side 
below  the  spiracles, bordered  above 
with  faint  purple,  which  increases 
in  depth  of  color  on  the  posterior 
segments  and  becomes  a  purple 
stripe  on  the  last  one.  The  spiracles 
are  white,  edged  with  purple;  each 
segment  of  the  body  has  the  an- 
terior portion  swollen  and  yellow- 
i'  on  most  of  the  segments  are  a  few  minute  black 


). — Angerona  croca- 
tatia  Pab. 


t  caterpillar  forms  a  slight  cocoon  inside  the  space  of 
the  edges  of  which  have  been  drawn  together  for  this 
e.  The  pupa  is  of  a  dark  olive-green  color,  with  a 
eenish  abdomen  and  a  row  of  black  dots  down  the 
Qd  another  one  on  each  side.  The' imago  appears  in 
a  fortnight;  it  is  shown  in  Fig  180. 
ng  a  general  feeder,  the  insect,  though  quite  common, 
ot  often  occur  in  sufficient  numbers  on  cultivated 
to  become  destructive.  Yet  the  writer  has  seen  cases 
large  patches  of  currants  had  lost  their  entire  foliage 
3unt  of  these  worms.  In  fact  we  can  never  say  with 
surance  that  an  insect  of  this  kind  will  not  most  un- 
idly  and  suddenly  multiply  to  such  an  extent  that  it 
;s  a  veritable  pest.  Another  geometer,  usually  very 
mon,  in  fact  almost  unknown,  became  so  destructive 
18  as  to  defoliate  the  wild  gooseberry  plants  over 
square  miles.  It  is  the  Diastictis  {Thamnonoma) 
ria  Pack.  As  the  moths  vary  considerably  a  number 
tn  are  shown  in  Fig.  181,  Plate  XVIII. 
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THE  THREAD-BEARING  SPAN-WORM. 

{Microgonia  limbaria  Haw.). 

This  moth,  formerly  called  Nematocampa  Blamentariaj 
is  produced  from  a  very  singular  caterpillar,  which  is  not  un- 
commonly found  upon  the  plum,  apple,  crab-apple,  oak,  hazel, 
strawberry  and  other  plants,  showing  that  it  is  a  very  gen- 
eral feeder.  It  measures  not  quite  an  inch  in  length,  is  of  a 
grayish  color,  with  dusky  and  blackish  streaks,  and  bears 
on  the  posterior  part  of  the  fifth  and  sixth  segments  a  pair 
of  long,  curved  and  fleshy  horns,  two  of  which  extend  for- 
ward and  two   curve  backward  (Fig.  182).    The  head  is 


Pig.  182. — Microffonia  UmbAvia  Haw.    Prom  DIt.  of  Bntomology, 
Dtp.  of  Agriculture. 

brown,  and  there  are  two  short  brown  tubercles  on  the  pos- 
terior part  of  the  fourth  segment,  and  two  small  gray  warts 
on  each  of  the  segments  behind,  those  on  the  eleventh  being 
most  prominent.  As  soon  as  this  queer-looking  insect  has 
reached  its  full  size  it  constructs  a  slight  silken  cocoon,  com- 
posed of  pieces  of  leaves  fastened  together  with  silken 
threads,  and  inside  this  shelter  it  changes  to  a  reddish-gray 
or  pale-brown  pupa.  About  ten  days  later  the  perfect  insect 
escapes. 

This  is  a  small  moth  of  a  pale  ochreous  color,  marked 
with  reddish-brown  lines  and  dots,  with  a  ring  on  the  discal 
space,  just  beyond  which  is  a  dark  lead-colored  band,  which 
becomes  an  almost  square  patch  on  the  inner  angle,  and  is 
continuous  with  a  broad  band  of  the  same  color  on  the 


Digitized  by  VjOOQIC 


.T  ^r^ 


SPAN-WORMS. 


235 


ings.  The  moths  which  fly  during  July  and  early 
:,  measure  a  little  less  than  an  inch  across.  As  ♦they 
t  numerous  enough  to  cause  much  injury  no  special 
;s  are  given. 


THE  RASPBERRY  GEOMETER. 

(Syncblora  glaucaria  Gn.). 

is  is  a  very  delicate  moth,  less  than  half  an  inch  across 
>aiided  wings,  of  a  pale  green  color,  crossed  by  two 
'  a  lighter  shade.  Its  body  is  green  above  and  white 
b.  The  moth  is  quite  abundant,  and  can  be  seen  fly- 
)ut  if  we  walk  through  fields  in  which  grow  patches 
plants  upon  which  it  feeds.    It  seems  that  the  cater- 


ig.  188. — Syncblora,  glaucaria  Gn.     a,  catrrpillar;  b,  one  segment 
of  same;  d,  wings  enlarged.    After  Riley. 

►refers  to  eat  the  ripe  berry,  and  that  it  does  not  care 
uch  for  the  foliage,  for  which  taste  it  surely  can  not 
aed.  At  all  events  the  caterpillars  reach  their  full  size 
the  time  that  the  raspberry  ripens.  They  measure  at 
me  about  three-quarters  of  an  inch  in  length,  are  of  a 
ish-gray  color,  and  each  segment  is  furnished  with  sev- 
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eral  short  prickles.  Like  some  closely  allied  caterpillars  thi» 
one  Jbas  the  habit  of  disguising  itself  by  attaching  to  the 
thorny  prickles  upon  its  body  tiny  bits  of  vegetable  matter, 
such  as  the  anthers  of  flowers,  and  by  this  means  it  often 
escapes  detection.  It  makes  a  slight  cocoon,  and  changes  to 
a  pupa  of  a  yellow  color  with  darker  lines  and  spots,  from 
which  soon  afterward  emerges  the  perfect  insect.  The  dif- 
ferent states  of  this  insect  are  shown  in  Fig.  183. 

Besides  the  ra,spberry,  the  caterpillar  also  occurs  upon 
the  fruit  of  the  blackberry. 

It  is  not  likely  that  this  insect  will  ever  become  very 
destructive.  If  it  does  we  can  not  depend  upon  any  poison- 
ous insecticides,  as  otherwise  the  fruit  could  not  be  used,  but 
hav^  to  resort  to  hand-picking. 

THE  ABORTIVE  DYSPTERIS. 

(Djrspteris  abortivaria  H.  S.). 

This  green  moth  is  closely  allied  to  the  Synchlora.  It 
expands  abgut  seven-eighths  of  an  inch,  and  is  of  a  pale- 
green  color,  with  two  oblique  parallel  white  lines  running 
through  both  wings.  The  moth  can  he  recognized  at  once 
from  all  other  similar  colored  ones  by  the  great  difference  in 
size  existing  between  the  fore  and  hind-wings,  the  former 

^W  WW 

Fig.  184.— Djrspterf*  abortivaria      Pig.  184V^.— Btimacaria  brun- 
H.  S.  neraria  Pack. 

being  rather  large,  while  the  latter  are  not  more  than  half 
as  large  as  might  be  expected  when  compared  with  other 
moths  of  the  same  genus.  The  moth  is  not  very  common. 
It  is  shown  in  Fig.  184. 
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The  green  caterpillar  is  stated  to  feed  upon  the  leaves  of 
.pes,  one  of  which  is  rolled  up  by  it  and  thus  forms  a 
Iter.  It  reaches  its  full  size  early  in  August,  when  it 
cends  to  the  ground  and  where  it  transforms  to  a  pupa 
ong  the  rubbish  found  there. 

THE  PLUM  GEOMETER. 

{Eumacaria  brunoearia  Pack.). 

The  caterpillars  of  this  beautiful  geometer  feed  upon  the 
res  of  the  wild  red  cherry,  but  occur  also  upon  plum  and 
)le  trees.  They  are  nearly  an  inch  long  when  they  reach 
ir  full  size  towards  the  middle  of  July ;  their  color  is  dull 
k  red,  resembling  very  closely  that  of  the  bark  upon 
ich  they  rest.  Their  head  i^  dark  red,  almost  black,  with 
ite  sutures;  the  longitudinal  stripes  usually  found  upon 
sides  of  such  caterpillars  are  simply  represented  by  faint 
ite  lines;  spots  of  the  same  color  occur  also  upon  the 
:s.  The  round  spiracles  are  situated  on  small  black 
ercles.  The  caterpillars  vary  considerably  both  in  color* 
[  markings.  At  rest  they  are  very  difficult  to  detect,  a& 
Y  hold  on  only  by  their  prolegs,  their  cylindrical,  smooth 
[  uniform  body  standing  out  like  a  short  branch ;  some- 
es  they  hold  on  to  a  leaf  by  their  fore-legs,  making  their 
lies  appear  like  petioles.  They  descend  to  the  ground 
I  transform  to  rather  stout  dark  brown  pupse  with  a 
nded  and  smooth  front;  the  last  segment  ends  in  a 
ler  long  spine  with  terminal  booklets.  The  pupa,  which 
ot  protected  by  a  cocoon,  remains  in  the  ground  over 
ter. 

The  moth  is  of  a  uniform  brown  color  with  but  few" 
-kings.  On  the  fore- wings  are  three  transverse  dark- 
wn  lines;  the  hind-wings  are  somewhat  paler  and 
reous  with  two  distinct  dark  lines.  The  moth  expands- 
ut  one  inch  across  the  wings.     (Fig.  184^.) 
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THE  VESTAL  CORYCIA. 

{Corycia  vestaliata  Guen,), 

This  delicate  moth  is  snow-white,  iridescent,  with  no 
markings;  the  long  fringes  are  also  white,  as  is  the  front  of 
the  head;  the  palpi  are  yellowish  on  the  outer  half,  and  the 
antennse,  which  are  white  above,  are  sometimes  brownish, 
and  yellowish  beneath.  Brown  stains  occur  along  the  under 
side  of  the  costa  of  the  fore- wings,  as  far  as  the  apex.  This 
moth  has  an  expanse  of  wings  of  nearly  one  inch. 

The  caterpillar  is  stated  to  feed  upon  the  foliage  of  the 
apple,  but  has  not  been  seen,  though  the  moth  is  fairly 
common. 

THE  CURRANT  SPAN-WORM. 

{Eufitcbia  ribearia  Fitch). 

The  caterpillar  of  this  rather  common  insect  is  quite  de- 
structive to  the  black  currant  and  the  gooseberry.  It  trans- 
forms into  a  moth  which  is  frequently  flushed  while  walking 
in  places  where  wild  currant  and  gooseberry  bushes  grow. 
The  caterpillar,  which  measures  when  full  grown  a  little 
more  than  an  inch,  is  of  a  whitish  color,  with  a  wide  yellow 
stripe  down  the  back,  another  of  the  same  character  along 
each  side,  and  a  number  of  black  spots  of  different  sizes  upon 
each  segment.  The  under  side  is  white,  with  a  slight  tinge 
of  pink;  it  is  also  Spotted  with  black,  and  has  a  wide  yellow 
stripe  down  the  middle.  This  brightly  colored  caterpillar 
resembles  somewhat  that  of  the  European  Harlequin  cater- 
pillar, and  can  become  equally  destructive  to  the  gooseberry. 
Happily  there  is  but  one  annual  generation  of  this  insect. 
When  these  caterpillars  are  disturbed  they  let  themselves 
down  very  suddenly  by  means  of  a  silken  thread,  and  remain 
suspended  in  mid-air,  or  until  the  danger  is  past,  when  they 
reascend  in  the  peculiar  way  called  by  sailors  **hand  over 
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id.*'  This  babit  of  lowering  itself  and  remaining  sus- 
ded  can  be  utilizsd  in  the  following  manner  to  destroy 
re  numbers  of  such  insects :  after  striking  the  bush,  a 
Led  stick  is  passed  all  around  under  it  and  in  this  way  all 
hanging  threads  may  be  caught,  and  the  caterpillars 
wn  out  in  groups  and  crushed  with  the  foot. 
The  moth  is  of  a  pale  yellowish  color,  with  several 
wnish  spots,  which  vary  considerably  in  size  and  form, 
ig  prominent  in  some  examples,  where  they  may  even 
Q  one  or  two  irregular  bands  across  the  wings.  The 
:h  measures  about  an  inch  and  a  quarter  across.    Soon 


Pig.  lS6,—Eufitchia  ribearia  Fitch.    After  Saunders. 

r  emerging  from  the  dark  brown  pupa,  which  was  formed 
small  cell  in  the  ground,  the  female  deposits  her  eggs  for 
next  year's  generation.  These  eggs,  which  are  most 
utiful  objects,  are  loosely  glued  to  the  stems  or  twigs  of 
infested  plants,  and  remain  there  until  the  following 
ng.    It  seems  remarkable  that  such  delicate  and  tender 
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objects  should  be  able  to  withstand  the  rain,  snow  and  cold 
of  our  winters  without  the  slightest  injury.  All  states  of 
this  insect  are  shown  in  Fig.  185. 

THE  CHAIN-DOTTED  GEOMETER. 

{Caterva  catenariaCram.). 

The  moths  of  this  interesting  geometer  appear  some- 
times in  such  very  gre^t  numbers  as  to  look  like  a  snow- 
storm and  on  that  account  greatly  alarm  the  people.  But  us- 
ually they  are  not  very  common  for  a  number  of  years,  when 
for  some  reasons,  perhaps  absence  of  parasites,  or  assisted  by 
suitable  climatic  conditions,  they  again  appear  in  large  num- 
bers. Here  in  St.  Anthony  Park  the  moth  can  always  be 
found  flying  about  daring  the  middle  part  of  September;  the 
moths  are  diurnal,  but  fly  in  a  rather  uncertain  manner  and 
only  for  short  distances,  so  that  a  trained  ey^  immediately 
recognizes  that  they  are  not  genuine  butterflies.  The  moth 
is  easily  recognized  by  its  large  size  and  by  its  snow-white 
thin  wings,  marked  with  nun\erous  black  spots,  which  are 


Fig:.  186.— Caterr«  catenaria  Cram.      After  Packard. 

arranged  in  two  more  or  less  plainly  marked  scalloped  lines; 
in  some  cases  the  spots  are  dashes,  which  connect  with  the 
neighboring  ones,  thus  forming  continuous  lines.  There  is 
always,  even  in  very  pale  specimens,  a  distinct  discal  spot. 
The  fringe  of  all  wings  is  checkered  with  black  dots.  The 
head  is  ochreous-yellow  in  front;  the  thorax  yellowish  at 
the  base  of  the  shoulder-covers     The  male  has  a  yellowish 
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lomem  and  very  plumose  antennae.  Only  a  single  brood 
►reduced  annually.  The  insect  is  shown  in  Fig.  186  and 
?ig.  187.  Plate  XVI. 

The  caterpillar,  which  feeds  upon  the  hazel,  blackberry, 
pberry  and  other  plants,  is  very  handsome;  it  has  a 
ooth  and  cylindrical  body  of  uniform  thickness,  a  little 
:ker  over  the  first  abdominal  feet,  and  lacks  any  pro- 
Frances  whatever;  it  is  of  a  pale  straw-yellow  color,  with 
o  subdorsal  fine  brown  lines,  and  two  smaller  ones 
the  sides,  interrupted  by  two  large  and  conspicuous^ 
^lar,  black  dots,  a  pair  on  each  segment.  The  head  and 
►legs  are  dotted  with  black.  The  caterpillar  grows  to 
)ut  one  inch  and  a  half  in  length.  When  full  grown  it 
rs  not  descend  to  the  ground  to  pupate,  but  forms  aslight 
:  well  formed  web  of  thick  yellow  silken  threads  among 

leaves.  The  pupa  is  bluish-white  with  a  number  of 
ck  spots. 

The  moths  deposit  a  large  number  of  beautiful  eggs;  as 
ny  as  368  were  laid  by  a  single-  female,  which  explains 

fact  that  this  insect  can  soon  become  very  numerous. 


THE  COMMON  CYMATOPHORA. 

{Cymatopbora  pampinaria  Guen.). 

This  is  an  exceedingly  common  moth,  yet  difficult  to 
1,  as  it  so  thoroughly  mimics  the  color  and  markings  of 

barks  of  trees  upon  which  it  rests  that  onl}'  well  trained 
s  can  discover  it.  These  moths  vary  greatly  in  color  and 
rkings  but  very  little  in  size;  they  measure  with  expanded 
igs  about  one  |nch  and  a  half  across.    The  body  and  wings 

pale  ash,  more  or  less  clearly  marked  with  three  dark 
►wn  lines  and  numerous  spots  of  the  same  color.  Prof, 
ckard  says:  "that  it  may  be  known  by  the  very  distinct 
J  at  the  base  of  the  abdomen,  the  basal  ring  beyond  being 
isually  white,  and  by  the  under  side  of  the  wings  having 
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a  broad  marginal  shade,  while  the  third  line  on  the  fore- wing 

is  deeply  but  quite  r^ularly  situate,  and  near  the  costa 

acutely  dentate."    The  caterpillars  are  general  feeders  but 

are  also  found  upon  the  apple  and  blackberry.    They  vary 

considerably  in  color;  some  are  very  pale  yellow  with  abroad 

^^^  V     y^^    reddish-brown  dorsal  stripe,  edged  with 

«H^^^^^Hv    black;  others  are  yellowish-green,  while 

^^hH^H^      still  others  are  gray  or  brown.    They 

^PPB^igjlF  spin  no  regular  cocoon,  but  protect  their 
Fig.i88.-c'm-top£.or«   pupae  by  a  fcw  silkcu  thrcads.    We  have 

pampiaariR  Guen.  ^^  least  two  auuual  generations  which 
overlap  in  such  a  way  that  moths  can  be  found  all  through 
the  warmer  part  of  the  year.  The  adult  insect  is  shown 
in  Fig.  188. 

THE  BUROPEAN  CYMATOPHORA. 

( Cymatopbora  crepuscularia  Tr . ) . 

This  moth  (Fig.  189)  is  slightly  larger  than paxnpiaana, 
but  otherwise  resembles  it.  Its  color  is  whitish-ash,  finely 
and  uniformly  dusted  with  brown.  The  fore-wings  harve 
also  three  curved  dentate  black  lines,  which  extend  over  the 
lower  wings. 

The  caterpillar  is  smooth  and  of  uniform  thickness;  it  is 
pale  yellow  on  the  sides,  shading  to  creamy-white  above. 
A  straight  light-brown  stripe  occurs 
on  the  back,  and  below  it  are  several 
narrow,  wavy  dark-brown  stripes 
close  together;  all  stripes  become  ob- 
solete on  the  last  segment.  The 
Fig.  is^.—cymatopbora    rouudish  head  is  a  little  wider  than 

'crepuscularia  Tr..  ^^^  ^^^^  ^^^  rcddish-brOWU  in  COlor. 

The  pupa,  half  an  inch  long,  is  formed  in  the  earth. 

This  species  is  not  nearly  as  common  as  the  preceding 
one;  it  occurs  also  in  Europe. 
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LARGE  BLUE-STRIPED  LOOPER. 

(Bistonjrpsilcfn  Forbes). 

Eariy  in  August  1898  several  nursery  people  complained 
3ut  a  large  caterpillar  that  was  causing  some  injury  to 
ang  apple  trees,  many  of  which  had  been  entirely 
bliated.    When  visiting  these  nurseries  on  the  following  .^ 

y  the  worms  had  all  disappeared,  and  only   a   single  /,jrJ^ 

tnmen  was  found  in  the  ground,  very  much  contracted,  as  f  ^ 

vas  ready  to  pupate.    As  this  insect  is  evidently  capable  :  >^ 

cause  much  injury  the  description  given  by  Prof.  Forbes  :  :* 

iiere  repeated,  *'The  single  male  sj>ecimen  bred  is  of  a 
>wiiish  gray  color;  head  dusky  gray;  palpi  black;  antennae 
jky,  widely  pectinate;  thorax  gray,  with  three  transverse 
rk  lines,  the  anterior  and  middle  arcuate,  the  posterior 
aight.  The  front  wingts  are  brownish-gray,  'speckled 
th  black  on  the  basal  and  terminal  thirds,  marked  with 
•ee  transverse  black  lines  with  the  space  between  the  first 
i  third  pale  gray,  minutely  speckled  with  black,  these 
fcks  taking  the  form  of  transverse  lineations  on  thecosta. 
e  inner  line  is  obliquely  arcuate,  its  inner  end  being  about 
If  the  distance  of  the  outer  from  the  base  of  the  wing, 
e  third  line  is  sinuate,  bending  broadly  forward  around 
I  end  of  the  discal  cell  and  then  running  nearly  directly  to 
t  internal  margin.  The  middle  line  is  straight,  and  joins 
I  inner  end  of  the  third  before  it  reaches  the  internal 
trgin.  About  one-half  the  distance  from  the  third  trans- 
•sc  line  to  the  posterior  margin  is  a  jagged  pale  transverse 
e  extending  across  the  wing.  The  posterior  wings  are 
le  gray  marked  with  two  transverse  lines,  the  inner  of 
lich  is  straight  and  the  outer  sinuous  like  that  of  the  fore- 
Dg.  Beyond  this  is  an  obscure  subterminal  whitish  band, 
on  the  middle  of  the  wing  between  these  lines  is  a  distinct 
ick  spot.  The  wing  beyond  the  outer  transverse  line  is 
>re  irroate  with  dusky,  the  fringe  pale  with  blackened  scales 


Digitize 


k^ 


dg  Google 


244  ^  SPAN-WORMS. 

in  the  intervals  between  the  veins.  The  first  segment  of  the 
abdomen  is  covered  with  long  gray  pile;  the  remaining  seg- 
ments are  fulvous  brown,  withadoublerow  of  black  blotches 
along  the  middle. 

*•  Larva. —Ivcngth,  when  full  grown,  is  two  inches.  The 
general  color  is  a  reddish  drab,  ornamented  with  numerous 
irregular  longitudinal  stripes  of  a  reddish  hue,  with  varied 
yellow  and  bordered  with  jagged  lines  of  black.  Four  of  these 
bands  are  continuous  on  the  back,  but  vary  greatly  in  width. 
On  the  sides  they  are  much  interrupted,  the  stripe  below  the 
spiracles  being  broken  up  into  irregular  patches.  That  im- 
mediately above  the  spiracles  is  regularly  interrupted,  disap- 
pearing at  the  middle  of  each  segment.  On  the  last  two  seg- 
ments all  the  bands  are  much  interrupted  and  very  irregtdar. 
The  dorsal  stripes  are  confluent  a  little  behind  the  middle  of 
each  segment,  from  the  fourth  to  the  eighth,  with  the  excep- 
tion of  a  central  stripe  of  the  ground  color,  by  which  all  the 
transverse  lines  are  broken.  These  confluent  band-like  areas 
of  the  longitudinal  stripes,  are,^  at  first,  yellow,  but  all 
change  to  a  russet  at  the  last  moult,  except  the  anterior 
one,  which  remains  a  bright  l^mon-yellow.  The  surface  is 
smooth  with  the  exception  of  a  transversie  row  of  about  five 
black  hairs  to  each  segment,  each  arising  from  a  minute 
tubercle.  There  is  also  a  prominent  tubercle  behind  each 
spiracle  (excepting  that  upon  the  first  segment)  bearing  a 
black  hair  at  its  apex.  This  row  of  later  tubercles  is  varie- 
gated with  rose  and  yellow,  and  each  is  surmounted  by  a 
jagged  black  line,  which  includes  the  black  spiracle  in  the 
area  described  by  it.  The  ventral  surface  has  the  same 
ground  color  as  the  dorsal,  and  is  similarly  marked  with 
longitudinal  stripes,  which  are,  however,  less  distinct  than 
the  above.  The  head  is  irregularly  punctuate,  patches  of  the 
punctures  being  black,  giving  the  surface  a  mottled  appear- 
ance. The  general  color  of  the  head  and  first  segment  is 
lighter  than  that  of  the  other  parts  of  the  body.  The  an- 
terior segment  has  a  yellow  front  margin,  interrupted  in  the 
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,  190.— Biaton  ypailon 
»rbes.      After  Forbes. 


Je  by  the  median  stripe  already  described.  The  legs  are 
d  with  black  and  yellow  at  the  articulations,  and  are 
here  more  or  less  spotted  with  black.  Upon  the  ante- 
Itimate  segment  are  the  two  prominent  black  tubercles, 
ipon  either  side  of  the  median  stripe,  each  bearing  a 
bristle  at  its  apex;  and  similar  bristles  are  scattered 

over  the  dorsal  surface   of  the 

succeeding  segments.     The   last 

segments  with  the  corresponding 

prolegs  are  punctuate  with  black, 

and    bear    two  smaller  sets  of 

tubercles  similar  to  those  above 

mentioned.    The  preceding  pair 

of  prolegs  are  irregularly  striped 

mottkd  with  black,  rose  and  yellow,  like  the  sides. 

I  transverse   rows  of  minute   black   hairs  are  visible 

the  under  surface,  two    or  three  to  each  segment." 

'ig.  190  is  a  copy  of  the  illustration  of  this  moth. 

THE  PEPPER  AND  SALT  CURRANT-MOTH. 

(Eubyia  (Ampbidasis)  cognataria  Gn.). 

n  some  years  this  moth  is  very  common  and  as  it  is 

ily  attracted  to  strong  lights  it  is  frequently  observed. 

not  alone  common  near  St.  Paul,  but  seems  to  be 


Pig.  IQl.—Euhyia  cognatatia  Gn.    After  Packard. 

Ily  common  near  Duluth.    Like  the  preceding  species 
moth  differs  greatly  from  most  Geometridae  by  having 
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a  very  stout  body  and  wings,  so  that  it  looks  more  like  a 
bombycid  moth.  Both  fore  and  hind-wings  are  gray,  dotted 
and  streaked  with  black,  and  with  a  wavy  light  band  cross- 


^'wm 


Fig.  192. — Ampbidasia  betuJaria.    After  Taschenberg. 

ing  the  wings  beyond  the  middle.  The  under  surface  is  paler 
than  the  upper;  the  body  is  gray,  dotted  with  black.  The 
moth  expands  two  inches  or  more.    It  is  shown  in  Pig.  191. 
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e  caterpillar  is  found  very  abundantly  and  often  in 
rtive  numbers  on  the  currant;  it  feeds  also  on  the 
md  other  plants.  When  full  grown  it  is  about  two 
long;  when  at  t^st  it  is  usually  found  clinging  to  a 
I  or  leaf  by  its  hind-legs,  the  body  being  extended 
it  out,  so  that  it  is  easily  mistaken  for  the  stem  of  a 
!t  is  pale-green,  with  an  interrupted  darker  green  line 
the  back,  and  indistinct  broken  transverse  lines  of  the 
olor,  and  a  yellow  cross  line  on  the  posterior  end  of 
egment.  There  are  two  small  tubercles  on  the  seg- 
cnmediately  behind  the  head ;  the  body  is  dotted  with 
mall  whitish  tubercles  apd  a  few  short  black  hairs, 
le  cases  there  is  a  small  brown  tubercle  on  each  side 
the  middle,  and  a  purplish  brown  ridge  on  the  last 
it.  As  soon  as  full  grown  the  caterpillar  enters  the 
I  for  pupation,  which  is  performed  in  a  smooth  cell; 
pa  is  dark  brown.  A  closely  related  European  species 
idasis  betularia)  is  shown  in  Fig.  192;  the  illustration 
the  caterpillars  in  two  characteristic  positions. 


,^\i:^[ 
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THE  LIME-TREE  WINTER-MOTH. 


{Hybemia  tiliaria  Harris). 


e  caterpillars  of  this  moth  feed  chiefly  upon  the  bass- 
ehn,  hickory  and  others,  but  are  also  found  in  some 
rs  on  the  apple.  In  some  years  the  moths,  at  least 
lies,  are  very  common,  and  being  attracted  to  the 
re  often  found  in  large  numbeirs  on  the  street-lamps. 
ire  most  numerous  late  in  the  autumn,  after  all  the 
has  been  killed  by  frost.  It  is  only  the  male  that  can 
t  female  being  a  wingless,  spider-like  creature,  'v^rith 
and  thread-like  antennae,  a  yellowish-white  body, 
ed  on  the  sides  with  black  dots  and  with  two  black 
it  the  top  of  each  ring  except  the  last,  which  has  but 
["he  head  is  black  in  front,  and  the  legs  are  ringed 
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with  black.  She  is  equipped  with  ^  jointed  ovipositor, 
which  can  be  lengthened  or  shortened  at  will,  and  which  is 
used  to  deposit  the  eggs.  The  male  has  large  and  delicate 
wings  and  feathered  antennae.  The  fore-wings  are  of  a 
rusty-buflF  color,  with  two  transverse  wavy  brown  lines,  the 


Fig.  193. — Hybernia  tiliaria  Harr.     From  Div.  of  Bntomology, 
Dcp.  of  Agricalture. 

inner  often  indistinct,  while  between  the  bands  and  near  the 
edge  of  the  wings  there  is  generally'  a  brown  dot.  The 
hind-wings  are  paler,  with  a  small  brownish  dot  in  the 
middle;  the  body  is  similar  in  color  to  the  fore-wings,  which 
measure,  when  expanded,  about  an  inch  and  a  half  across. 
The  females,  as  soon  as  they  emerge  from  the  ground,  late 
in  October  or  even  early  in  November,  climb  up  the  trees, 
and,  after  mating,  deposit  their  oval  pale-yellow  eggs,  cov- 
ered with  a  net-work  of  raised  lines,  in  little  clusters  on  the 
branches. 
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These  span-worms,  which  hatch  early  in  spring,  are  not 
dike  the  true  canker-worms,  but  are  much  larger  and 
arked  diflFerently.  The  caterpillar  has  a  dull  red  head, 
ith  a  **V"-shaped  mark  on  the  front;  the  body  is  yellow 
►ove,  w4th  many  longitudinal  black  lines;  the  under  side  is 
tier.  When  fall  grown  these  worms  measure  about  an 
:h  and  a  quarter  in  length.  The  different  states  of  this 
3th  are  shown  in  Fig.  193. 

'  THE  WINGLESS  PHIGALIA. 

{Pbigalia  strigatan'a  Minot). 

This  moth  is  also  fairly  common  in  Minnesota,  the  males 
ing  about  early  in  April.  They  are  pale-ash,  with  dark 
own  specks  and  lines,  which  form  three  blackish  trans- 
rse  lines  across  the  fore-wings,  with  a  subterminal  whitish 
le.  The  hind-wings  are  whitish,  finely  dusted  with  dark 
ales,  which  in  well  marked  specimens  are  arranged  in  such 
way  as  to  form  a  continuation  of  the  transverse  lines  of 
e  fore-wings.  The  antennae  are  strongly  pectinated.  The 
ings  have  an  expanse  of  about  an  inch  and  a  half.    The 


Vig.  \94,.— Pbigalia  strigataria  Minot. 

nale  is  wingless,  of  a  light  gray  color  with  a  slight  olive 
it;  her  body  is  mottled  all  over  with  black,  the  spots 
>ove  being:  large  those  below  fine.  The  thorax  is  nearly 
liform  black;  the  short  head,  scarcely  seen  from  above,  is 
ayish  black;  the  clypeus  and  antennae  are  black,  the 
tter  annulated  with  the  ground  color  of  the  body.  The 
visions  between  the  extended  segments  of  the  abdomen  are 
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pea-green.  The  rudimentary  hind-wings  reach  to  the  back 
part  of  the  first  abdominal  segment;  the  fore- wings  to  the 
middle  of  the  same  segment.  The  exerted  ovipositor  con- 
sists of  two  joints,  the  last  third  of  the  posterior  one  having 
the  hairs  perpendicular  to  the  joint.  Both  sexes  are  shown 
in  Fig.  194. 

The  pupa  is  dark  brown,  coarsely  punctured,  the 
divisions  between  the  abdominal  segments  finely  so;  the  last 
segment  is  conical,  smooth  at  the  end,  and  .tipped  with  two 
short,  stout,  divergent  bristles. 

The  caterpillars  are  found  on  the  apple,  rose,  blackberry, 
elm  and  other  plants,  and  have  thus  far  never  become 
numerous  enough  to  cause  injury.  They  arie  about  an  inch 
long,  dark-brown  or  dusky  reddish-brow^n  with  dirty  white~ 
or  gray  dorsal  and-  dirty  yellow  lateral  lines.  They  reach 
their  full  size  in  June,  when  they  enter  the  ground  for  pupa- 
tion and  hibernation. 


CANKER-WORMS. 

There  are  two  kinds  of  canker-worms  which  are  known 
to  be  very  destructive  to  the   orchards,  especially  to  the 
apple-trees.      A   third    species    is    found   in   the   northern 
portion  of  our  state,  sometimes  in  such  immense  nupibers  as 
to  defoliate  large  tracts  of  forest-trees.    It  has  thus  far  not 
been  found  upon  fruit  trees,  but  prefers  the  linden,  ash  and 
elm,  but  when  very  numerous  no  foliage  escapes  its  voraci- 
ous appetite,  and  the  caterpillars  pass  through  the  forests 
like  a  devastating  fire.    They  hatch  very  early  in  the  season, 
and    perforate    the   leaf-buds,   thus    causing    much    more 
damage  than  if  they  would  simply  eat  the  unfolded  leaves. 
As  no  males  have  been  raised  thus  far  this  third  species  re- 
mains undescribed;  the  females   are   wingless   and  deposit 
their  numerous  eggs  in  perfect  rings  around  a  small  t>Arig,  in 
this  respect  resembling  the  tent-caterpillars. 
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THE  SPRING  CANKER-WORM. 


{Paleacrita  vernata  Pack), 

This  canker-worm  appears  in  its  winged  form  early  in 
ng,  although  specimens  are  also  sometimes  found  late  in 
amn.  The  females,  which  are  wingless,  ascend  the  trunks 
:ees  to  deposit  their  eggs.  These  are  of  a  very  delicate 
ure  and  of  a  pearly  lustre ;  they  are  deposited  in  masses 
jveral  hundreds,  without  regularity,  and  are  usually  well 
len  in  the  crevices  of  the  bark.  The  young  caterpillars 
of  a  dark  olive-green  or  brown  color,  with  black  shining 
is,  and  a  horny  cervical-plate  of  the  samecolor.  WhenfuU 
wn  they  are  about  an  inch  long,  of  very  variable  colors, 
head  is  usually  mottled  and  spotted,  and  has  two  pale 
isverse  lines  in  front ;  the  body  is  longitudinally  striped 
1  many  narrow  pale  lines;  aloiig  the  sides  it  becomes 
)er  in  color,  and  down  the  middle  of  the  back  are  some 


Pig.  198. — Paleacrita  vernata  Pack.     After  Riley. 


t  spots.  When  mature  these  caterpillars  descend  to  the 
md  in  which  they  penetrate  to  some  depth  and  where 
'  make  a  rather  fragile  cocoon. 

The  female  of  this  canker-worm,  as  well  as  the  male,  has 
a  the  posterior  margin  of  each  segment  two  transverse 
s  of  stiff  reddish  spines.  The  female  has  a  long  and 
actable  ovipositor,  which  is  not  found  in  the  Fall 
ker-worm.  The  male  has  pale  ash-colored  or  brownish- 
f  silky  fore-wings,  which  are  so  thin  as  to  be  almost 
isparent.  A  broken  whitish  band  crosses  the  wing  near 
outer  margin  and  three  interrupted  brownish  lines  are 
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found  between  that  and  th^  base;  there  is  also  an  oblique 
black  dash  near  the  tip  of  the  fore- wings,  and  a  nearly  con- 
tinuous black  line  at  the  base  of  the  fringe.  The  hind-wings 
are  plain  pale  ash-color,  or  very  light  gray,  with  a  dusty  dot 
about  the  middle.  All  stages  of  this  canker-worm  are  given 
in  Fig.  195. 

THE  FALL  CANKER-WORM. 

{Anisopterjrx  pometaria  Harr). 

This  delicate  moth  is  sometimes  flushed  late  in  autumn, 
and  frequently  after  all  foliage  has  been  killed  by  frost,  when 
we  walk  along  the  edges  of  forests.  The  moth  flies  in  bright 
sunshine,  as  if  to  enjoy  the  few^  brief  hours  of  its  existence. 
It  is  a  very  frail  being,  with  wings  so  thin  as  to  be  almost 
transparent  and  it  almpst  seems  that  it  was  most  decidedly 
out  of  place  at  this  late  season.  But  notwithstanding  their 
frail  bodies  all  canker-worms  here  and  in  Europe  are  very 
hardy,  and  seem  to  require  for  their  perfect  health  and  well- 
being  a  considerable  degree  of  cold.  All  the  moths  of  this 
insect  that  we  obseve  flying*  are  males,  the  female  lacking 
wings  for  this  purpose.  The  latter  is  a  spider-like  and  slug- 
gish being,  usually  having  the  body  so  distended  with  eggs 
that  she  has  to  drag  it  in  a  rather  ungainly  manner.  All 
she  tries  to  do  is  to  reach  a  tree,  which  she  climbs,  and  there 
awaits  the  arrival  of  her  winged  mate.  Her  body  is  uni- 
formly colored ;  it  is  shining  ash  color  above,  gray  beneath, 
and  measures  from  three  to  four-tenths  of  an  inch  in  length. 
The  male  has  brownish  fore-wings,  which  are  very  glossy  and 
silky,  and  are  crossed  by  two  rather  irregular  whitish 
bands,  the  outer  one  enlarging  near  the  apex,  where  it  forms 
a  large  pale  spot.  The  hind-wings  are  grayish-brown  with 
a  faint  central  blackish  spot  and  a  more  or  less  distinct 
whitish  band  crossing  them. 

The  eggs  of  the  Fall  Canker-worm  are  flattened  above, 
and  have  a  central  puncture  and  a  brown  circle  near  thebor- 
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they  are  deposited  in  regular  masses,  side  by  side,  and  as 
ly  as  a  hundred  together.  In  most  cases  they  are  laid  in 
osed  situations  on  the  twigs  or  branches  of  the  tree 
cted.  They  hatch  fibout  the  time  when  the  young  leaves 
he  apple  just  expand,  and  this  delicate  food  is  greedily 
oured  by  the  young  worms  which  cluster  upon  them. 
e  they  enjoy  life,  being  well  hidden  by  the  still  small  and 
led  leaves.  The  young  caterpillar  is  pale  olive-green 
h  a  pale  head  and  cervical-plate.  Mature,  it  reaches  a 
jth  of  about  an  inch.  The  caterpillars  vary  greatly  in 
>r,  from  greenish-yellow  to  dusky  or  even  dark  brown; 
y  have  broad  longitudinal  yellowish  or  paler  stripes 
Qg  their  sides.    Like  nearly  all  loopers  they  assume  when 
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196. — Aniaopteryx  pometaria  Harr.;  a.  b,  single  eggs;  e,  cgjar  mass;  c,  </,  jointly 
caterpillar:    /.  caterpillar;  ^,  pupa.      Below,  a,  male  moth;   5,  female  moth 
one  joint  of  same.     From  Div.  of  Entomology,  Dep.  of  Agriculture. 

;  feeding  a  stiff  posture,  either  flat  or  parallel  with  the 
igs  on  which  they  rest,  or  at  an  angle  of  about  forty-five 
;rees.  In  this  position,  kept  up  for  many  hours  at  a  time, 
y  so  closely  resemble  in  color  and  shape  a  small  twig 
,t  they  are  not  readily  detected.  When  full  grown  they 
ler  descend  the  tree  on  foot,  or  they  let  themselves  down 
m  the  branches  by  silken  threads.  When  thus  suspended 
^eat  numbers,  as  is  frequently  the  case,  they  become  a 
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great  annoyance  to  people  passing  tinder  such  trees.  In  this 
manner  they  are  also  carried  by  passing  vehicles  to  places 
not  yet  invaded  by  them.  As  soon  as  they  reach  the  ground 
they  burrow  in  it  to  a  depth  of  frOn?  two  to  six  inches  and 
th^re  they  form  a  rather  tough  cocoon  of  buff  colored  silk 
interwoven  with  particles  of  earth.  The  pupa  is  about  half 
an  inch  long,  of  a  light  grayish-brown  color;  that  of  the 
male  is  slender  and  furnished  with  wing-cases.  The  pupse 
remain  in  the  ground  until  late  in  autumn  when  the  moths 
emerge. 

Remedies.— With  the  exception  of  the  one  species  of 
canker-worms  so  destructive  to  forest  trees  in  the  lake 
region  of  Minnesota  these  insects  are  not  as  yet  of  a  threat- 
ening nature  in  our  state.  Both  species  are  found,  however, 
and  it  is  simply  a  question  of  time  when  they  will  become 
more  numerous.  At  present  orchards  are  by  no  means 
found  near  every  farm  house,  but  the  time  is  rapidly  coming 
when  this  will  be  the  case,  and  with  more  orchards  the  large 
number  of  injurious  insects  living  in  them  will  also  become 
more  numerous  and  destructive.  These  insects  are  rather 
easy  to  destroy  with  any  of  the  arsenical  preparations ;  in 
fact  they  were  about  the  first  tree-infesting  species  that 
were  destroyed  by  these  means.  But  in  case  of  large  trees  it 
is  not  easy  to  apply  them,  and  here  we  have  to  apply  other 
remedies  based  upon  the  fact  that  the  wingless  females  have 
to  ascend  the  tree  to  deposit  their  eggs,  which  we  can  and 
should  prevent.  Prof.  Saunders  writes:  **To  attack  an 
enemy  with  success,  it  is  essential  that  we  know  his  vulner- 
able points.  In  this  instance  since  the  females  are  without 
wings,  if  they  can  be  prevented  from  crawling  up  the  trees 
to  deposit  their  eggs,  a  great  point  will  be  gained.  Various 
measures  have  been  employed  to  secure  this  end,  all  belong- 
ing to  one  or  other  of  two  classes,  first,  those  that  prevent 
the  ascension  of  the  moth  by  entangling  her  feet  and 
holding  her  there,  or  by  drowning  her;  second,  those  which 
look  to  a  similar  end  by  preventing  her  from  getting  a  foot- 
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ind  causing  her  to  fall  repeatedly  to  the  ground  until 
ecomes  exhausted  and  dies.  In  the  first  class  is 
ed  tar  mixed  with  oil  to  prevent  its  drying,  and 
d  either  directly  around  the*  body  of  the  tree,  or  on 
of  old  canvas  or  stiff  paper,  about  five  or  six  inches 
and  tied  in  the  middle  with  a  string ;  refuse  sorghum 
ses,  printer's  ink,  and  slow  drying  varnishes,  are  used 
milar  manner.    Tin,  lead  and  rubber  troughs,  to  con- 

il  also  belong  to  this  class  of  remedies,  and  have  all  M^-" 

sed  with  more  or  less  success.  In  the  use  of  any  of  the 
amcd  sticky  substances,  it  should  be  borne  in  mind 
bey  should  be  kept  sticky  by  frequent  renewal  of  the 
e  in  mild  weather,  or  the  application  will  be  useless ; 
bould  also  be  applied  as  early  as  the  latter  part  of 
er,  and  kept  on  until  the  leaves  are  expanded  in  the 
ing  spring.  It  must  also  be  remembered  that  some  of 
3ths,  defeated  in  their  attempts  to  climb  the  trees,  will 
it  their  eggs  near  the  ground  or  anywhere  in- fact, 
the  barrier,  and  that  the  tiny  young  worms  hatched 
hem  will  pass  without  difficulty  through  a  very  small 
ig.  Hence,  whether  troughs  or  bandages  are  used, 
lust  be  taken  to  fill  up  all  the  irregularities  of  surface 
bark  of  the  trees,  so  that  no  openings  shall  be  left 
jh  which  they  may  pass.  Cotton  batting  answers 
L  most  cases  for  this  purpose. 

'he  second  class  of  remedies  consists  of  various  ingeni- 
ivices,  in  the  way  of  colla,rs  of  metal,  wood  or  glass 
jd  around  the  tree  and  sloping  downwards  like  an 
sd  funnel.  These,  although  they  prevent  the  moths 
ascending  the  tree,  offer  but  little  obstacle  to  the 
iss  of  the  young  caterpillars  unless  the  openings  be- 
the  collar  and  the  tree  are  carefully  packed,  and  hence 
iften  fail  of  entire  success.  Those  belonging  to  the 
lass  are  said  to  be  the  surest  and  best,  and  while  it 
be  admitted  that  it  involves  much  time  and  labor  to 
so  often  and  for  so  long  a  period  the  tar  or  other 
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sticky  application  so  as  to  make  it  an  eflFectual  barrier  to 
the  ascent  of  the  insect,  still  it  will  pay,  wherever  the  canker- 
worm  abounds,  to  give  this  matter  the  attention  requisite 
to  insure  success.  The  limited  power  of  motion  possessed 
by  the  female  usually  confines  this  insect  within  narrow 
limits,  and  hence  it  isi  local  in  its  attacks,  sometimes  abound- 
ing  in  one  orchard  and  being  scarcely  known  in  a  neighbor- 
ing one;  but  when  it  has  obtained  a  footing,  and  is  neg- 
lected, it  usually  multiplies  prodigiously.  Strong  winds  will 
sometimes  carry  the  larvae  from  one  tree  to  another  near  by. 
When  the  caterpillars  are  once  on  a  tree,  if  the  tree  is  small, 
they  may  be  dislodged  by  jariing,  when  they  all  drop  sus- 
pended in  mid-air  by  silken  threads ;  then  by  swinging  a 
stidt  above  them  the  threads  maybe  collected  and  the  larvae 
brought  to  the  ground  and  destroyed.  Fall  plowing  has 
been  recommended  to  destroy  the  chrysalids  by  turning 
them  up,  when  they  are  likely  to  be  either  killed  by  exposure 
or  devoured  by  birds.  Hogs  also  are  very  useful  in  destroy- 
ing this  pest  by  rooting  up  the  chrysalids  and  eating  them.'^ 
The  use  of  ''Raupenleim  '*  has  given  very  good  results,  and 
as  this  material  remains  sticky  for  a  long  time  it  is  better 
than  simple  tar,  etc. 

Canker-worms  have  many  enemies  which  assist  us 
greatly  to  keep  them  in  check.  The  eggs  are  devoured  by  a 
small  red-mite,  and  a  very  small  wasp  finds  the  minute  eggs 
large  enough  to  furnish  food  for  her  oflFspring,  hence  she  de- 
posits her  eggs  into  the  larger  ones  of  the  canker-moths. 
The  caterpillars  themselves  are  preyed  upon  by  larger  para- 
sitic wasps  and  flies,  and  predacious  insects  also  feed  upon 
them  in  large  numbers.  One  of  our  Caterpillar-hunters 
{Calosoma  frigida  Fig.  145),  a  large  black  and  active  beetle, 
IS  found  in  large  numbers  in  Minnesota  wherever  canker- 
worms  have  greatly  increased  in  numbers,  and  they  make 
war  upon  them  day  and  night.  These  beetles  are  just  as 
active  as  their  green  relatives  farther  south,  and  climb  with 
equal  facility.    It  is  amusing  to  see  them  running  over  the 
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or  racing  up  and  down  the  trunks  of  the  tree,  trying 
h  with  their  front  feet  the  worms  suspended  by  silken 
3.  Evidently  the  caterpillars  realize  their  danger,  be- 
F  we  imitate  the  motion  of  one  of  these  beetles  with  a 
tick  upon  a  leaf  all  the  worms  immediately  drop,  but 
suspended  in  the  air  until  they  imagine  all  danger  is 
Insect-eating  birds  devour  large  numbers,  and  Shrews 
unks  find  and  devour  the  caterpillar  above  and  below 
ound.  Spiders  prove  also  of  great  help,  as  do  some 
^asps,  such  as  the  Potter-wasps,  which  store  theclay- 
ade  by  them  with  canker-worms,  as  many  as  twenty 
ound  in  a  single  cell. 

Bse  canker-worms  are  general  feeders  but  are  partial 
plum,  cherry,  linden  and  elm.  The  different  states  of 
Bcies  are  shown  in  Fig.  196. 


jt€ 


i 


THE  WINGLESS  OPEROPHTERA. 


{Operopbtera  bruceata  Hulst). 

is  moth  is  closely  allied  to  the  canker-worms  and  like 
ossess  a  wingless  female;  in  Europe  it  is  also  almost 
as  destructive.  It  is  not  common 
and  the  male  can  be  readily  recog- 
nized from  the  true  canker-worms  by 
having  the  ochreous  fore-win^  more 
rounded  and  ornamented  with  many 
wavy  lines;  it  is  illustrated  in  Fig. 
rhe  caterpillars  feed  upon  the  apple  and  other  plants. 


>7. — Operopbtera 
Hnlst.;  male. 
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THE  SCALLOP-SHELL  GEOMETER. 

{Calocalpe  undulata  Linn.). 

is  is  a  rather  common  moth,  but  always  attractive  on 
It  of  its  beautiful  marking.    It  has  white  or  yellowish 
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wings,  the  upper  ones  crossed  by  at  least  twelve  fine  zigzag 
dark-brown  lines,  so  that  it  is  difficult  to  say  what  is  really 
the  ground  color;  the  hind-wings  are  crossed  by  six  light 
lines,  which  become  whitish  toward  the  outer  edge  of  the 
wing,  as  well  as  more  scalloped.  Below  the  wings  are 
clearer,  with  the  lines  more  obsolete,  but  the  discal  spots 
large  and  distinct.  With  expanded  wings  this  moth  meas- 
ures about  one  inch  and  a  half.    It  is  shown  in  Fig.  198. 

The  caterpillars  hatch  from  eggs  which  were  deposited 
in  a  cluster  on  a  leaf  near  the  tip  of  a  twig,  usually  on  the 
wild  cherry.    They  form  an  exception  to  most  other  loopers 

by  being  gregarious.  They  spin 
a  snug  nest  by  fastening  together 
the  leaves  at  theend  of  the  twig, 
inside  which  they  live,  adding  to 
the  nest  if  more  space  and  food 
is  required.  As  the  enclosed 
FifiT.  i98.-ca/oc«/pe  anduMta       leavcs   dic   and  become  brown, 

and  as  the  dark  excieiiicui  al»o 
accumulates,  such  nests  become  conspicuous  and  can  easily 
be  seen  and  removed  with  their  contents.  The  caterpillars, 
which  are  quite  sluggish  in  all  their  motions,  are  black  above 
with  four  white  stripes^  and  flesh-colored  below.  They 
transform  in  the  earth,  in  which  they  also  pass  the  winter. 


THE  GRAPE-VINE  PETROPHORA.  _ 

{Petropbora  diversilineata  Hub.). 

This  pretty  yellow  moth,  also  called  the  **Di verse-lined 
Geometer,'*  is  very  abundant  in  Minnesota,  flying  from  late 
in  June  to  early  in  September;  it  is  often  attracted  to  light 
and  enters  our  houses  at  night,  settling  on  the  walls  with 
its  abdomen  curved  over  the  back  (Fig.  199,  Plate  XIY.) 
It  varies  in  size,  measuring  with  expanded  wings  from  an 
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ttd  a  quarter  to  fully  two  inches.    It  is  shown  in  two 
in  Fig.  199. 

le  body  and  wings  of  this  insect  are  ochreous-vellow, 
3ale  in  the  middle  and  basal  portions.  The  fore-wings 
ossed  by  three  rusty-brown  curved  lines,  the  outer 
fly  dentate  in  the  middle;  beyond  this  is  a  subterminal 
ine,  not  always  distinct.  The  hind-wings  are  paler 
:he  fore-wings,  clear,  usually  without  lines  except  in 
ter  third  near  the  anal  angk,  where  there  is  a  faint 
I  line  edged  on  the  outside  with  white.  At  the  anal 
is  a  dark  spot  composed  of  two  brown  lines,  with 
brown  between  them.  The  moths  vary  greatly  in 
ity  of  colors  and  markings,  some  being  almost  plain 
^ish-brown  with  but  very  few  indistinct  bands,  of 
the  outer  dentate'd  one  is  always  visible. 
le  moths  deposit  their  eggs  upon  the  leaves  of  the 
vine,  from 'which  the  young  caterpillars  hatch  a  few 
later,  reaching  their  full  size  in  about  four  weeks, 
ire  then  dbout  an  inch  and  a  quarter  long,  h^ve  a  dull 
reddish-brown  head,  a  yellowish- 
^^^\Z^/tKtf  green  body,  with  a  few  small  whit- 
H|^|P|H^P^  ish  dots  on  each  segment.  On  each 
B|flR|^K^  side  of  the  second    segment   is    a 

^^^*^^^  small  reddish  spot  and  on  the  third 

a  larger  one  of  a  darker  shade;  on 
this  latter  segment  there  is  a  fold 
in  the  skin,  which  makes  the  spot 
appear  as  a  brown  prominence. 
On  the  terminal  segment  are  two 
greenish  spines,  which 
1  backwards;  the  surface  of  the  body  is  wrinkled; 
ider  surface  is  reddish,  with  a  central  reddish  line 
red  with  white,  which  is  margined  with  dull  red. 
caterpillars  are  also  very  variable  in  color,  but  are 
^s  well  protected  by  blending  with  the  surroundings; 
disturbed  they  straighten  themselves,  remaining  per- 


199.— Petropbora  diver-      ^         . 
'.M  Hnb.  short 
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fectly  quiet  for  a  time,  and  resemble  the  twigs  so  thoroughly 
that  is  very  difficult  to  detect  them.    When  they  are  full 

I  grown  they  hide  in  some  shelter,  and  thus  pass  the  winter; 

I    .  early  in  spring  they  leave  their  hiding  places  and  after  eat- 

I  ing  for  a  few  days  they  transform  to  pupae  and  soon  after- 

i  wards  to  moths. 

At  present  these  caterpillars  s^rt  found  most  abundantly 
in  places  where  wild  grapes  are  growing,  but  they  are  by  no 
means  strangers  to  our  vine-yards,  where  they  eat  a  large 
amount  of  foliage,  thus  sometimes  causing  some'  slight  in- 
jury.   Being  so  well  protected  by  shape,  color  and  position 

^  they  may  be  very  common  on  our  vines,  yet  are  not  recog- 

'  nized. 

;  THE  CURRANT  FRUIT  WORM. 

{Eupitbecia  intemtpio-fasciata  Pack.). 

This  is  not  a  common  moth,  at  least  it  is  not  often  found 
in  our  gardens.  But  the  fruit  of  wild  currants  frequently 
show  its  presence,  or  rather  that  of  the  worms.  These  are 
about  five-eighths  of  an  inch  long,  and  very  variable  in  col- 
oration and  markings.  .  Their  bodies  are 
usually  of  a  pale-ash  or  yellowish-green  color, 
with  a  dark  line  down  the  back  and  another 
one  on  each  side,  which  is,  however,  frequently 
absent.  In  some  cases  there  is  a  row  of  dark- 
colored  lozenge-shaped  spots  along  the  dorsal 
Fig.  200.— Bup/- liii^i  and  a  second  lateral  line  lower  down. 
/aJciataPack?^^' The  terminal  segment  carries  two  short  green- 
ish lines;  the  under  side  of  the  body  is  pale-greenish 
and  almost  white,  with  a  yellowish  line  in  the  middle. 
The  head  varies  from  yellowish  or  greenish  to  light  brown. 
When  full  grown  the  caterpillar  draws  together  a  number 
of  leaves  and  other  material,  fastens  them  with  silken 
threads,  and  in  this  shelter  changes  to  a  pupa  and  later 
to  a  moth. 
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be   small   moth   has   bluish-gray  fore-witigs,  witli  a 

I  dot  near  the  center  of  each,  and  a  dark  line  crossing 
immediately  beyond  the  dot.    Two  forms  are  illus- 

i  in  Fig.  200. 

II  the  following  moths  are  usually  called  "micro**  or 
,  although  as  a  matter  of  fact  some  of  them  are  as 

or  even  larger  than  a  few  of  the  **macros**  described 
e.  Bat  generally  speaking  all  are  small.  They  are  also 
ed  into  many  superfamilies  and  families. 

PYRALIDID^. 

his  super-family  includes  moths  of  medium  and  small 
Bvhich  diflFer  so  greatly  in  appearance,  however,  that  it 
t  possible  to  give  a  general  description  that  would 
to  characterize  the  same.  It  includes  a  number  of 
ies  that  contain  numerous  insects  injurious  to  plants. 

FAMILY  PYRAUSTID^. 

hese  moths  have  slender  bodies  rather  thinly  covered 
scales.  The  caterpillars  are  nearly  always  green,  with 
stripes  and  spots,  and  without  any  markings  what- 
Their  head  is  either  black  or  yellow,  hard  and  pol- 
;  so  is  the  rather  prominent  cervical-shield  on  the  first 
icic  segment.  Most  of  them  have  the  abdominal  or 
legs  crowded  with  a  complete  circlet  of  spines,  and  by 
character,  which  is  easily  seen,  we  can  tell  with  almost 
lute  certainty  the  caterpillar  of  a  micro  from  that  of  a 
o,  in  which  the  circlet  of  hooks  is  never  complete.  The 
pillars  of  the  Pyraustidse  differ  from  those  of  the  loop- 
y  possessing  all  four  pairs  of  prolegs.  Most  of  them 
)roduce  a  little  silk,  and  they  live  often  more  or  less  con- 
d  in  leaves  folded  and  tied  together  in  various  ways. 
I  few  are  gregarious  and  build  large  nests.  Most  of 
i  caterpillars  cause  no  injury  to  cultivated  plants,  while 
I  of  them  are  decidedly  destructive. 
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THE  GRAPE-VINE  LEAF-FOLDER. 

{Destnia  maculalis  West w. ) . 

It  is  a  good  thing  that  this  insect  prefers  the  South,  and 
is  not  often  met  with  in  Minnesota,  although  it  is  found 
here  both  upon  the  wild  and  cultivated  grape-vines.  It  can 
become  a  very  destructive  insect  and  one  that  is  not  readiljr 
combatted. 

We  see  frequently  the  leaves  of  the  grape  folded  or  rolled 
up  by  means  of  numerous  little  cords  of  silk;  if  we  unfold 
these  we  find  the  enclosed  leaves  skeletonized  by  a  very 
active  woftn,  a  little  less  than  an  inch  long  and  remarkable 
on  account  of  its  violent  wriggling  motions.  In  most  cases 
the  caterpillar  wriggles  out  of  the  folds  and  drops  either  to 
the  ground  or  suspends  itself  by  a  silken  thread.  If  the 
worm  is  full  grown  it  is  yellowish-green,  a  little  darker 
above,  glossy  and  semi-transparent,  with  a  few  fine  yellow 
hairs  on  each  segment.  Its  head  is  reddish-yellow;  the  cer- 
vical-shield has  a  crescent-shaped  patch  of  the  same  color ; 
on  the  third  segment  are  two  or  three  black  spots  on  each 
side,  and  on  the  twelfth  segment  is  one.  The  caterpillars 
transform  to  a  reddish-brown  pupa,  about  half  an  inch  long, 
either  within  the  folded  leaf  or  more  usually  within  a  much 
smaller  fold  of  the  edge  of  the  leaf  In  the  Southern  States 
there  are  two  and  even  three  annual  broods,  the  last  one 
hibernating  in  the  leaves.  The  first  moths  appear  here  early 
in  June,  and  deposit  their  eggs  singly  on  the  leaves  of  the 
vine;  the  moths  of  the  second  brood  are  found  early  in 
August. 

The  moths,  which  expand  about  an  inch,  are  pretty  in- 
sects with  shining  opalescent  .black  wings,  lightly  fringed 
with  white;  the  fore- wings  have  two  white  spots,  nearly 
oval  in  form ;  the  hind-wings  but  one  large  white  spot  in  the 
male,  which  in  the  female  is  divided  into  two.  The  body  is 
l)lack,  crossed  by  two  white  bands  in  the  female,  by  one  in 
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ale.  The  male  insect  has  the  antennse  elbowed  and 
oed  near  the  middle,  a  character  not  seen  in  the  female, 

the  antennae  are  uniform  and  thread-like.  Though 
common  the  moths  are  not  often  seen,  as  they  hide 
J  the  leaves,  but  if  the  vines  are  shaken  they  seek  and 
cape  in  quick  flight,  and  make  for  the  next  shelter.  The 

feeds  upon  all  kinds  of  grapes,  but  shows  some  little 
ince  for  the  thicker  leaved  varieties.  The  upper  surface 

leaves  is  eaten  by  the  worms,  and  for  this  purpose 
ives  are  almost  invariably  folded  in  such  a  manner  as 
ng  the  upper  sides  of  the  leaves  together.  Fig.  201 
;  the  different  stages  of  this  insect. 


. — Desmia  macul&lis  Weatw  ;  a,  male  moth;  b,  female;  c,  larva;  d,  head  and 
ric  tejEments  of  same  enlarged;  e,  pupa;  f,  tip  of  same  enlarged;  g,  leaf  folded 
ra.    From  Div.  of  Bntomology,  Dep.  of  Agrictiltnre. 


2MEDIKS.— As  it  is  easy  to  detect  the  folded  leaves  the 
miliars  enclosed  in  them  can  be  crushed,  and  if  this  is 
[rarefuUy  and  at  a  time  when  the  insects  are  not  yet 
•oas  this  remedy  is  a  good  one.  The  treatment  with 
cal  poisons  is  not  as  successful,  as  the  inside  of  the 
leaf  can  not  readily  be  reached. 
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THE  CRANBEKRY  FRUIT-WORM. 

( Mineola  vaccinii  Ril . ) . 

This  insect  is  a  very  injurious  one  in  places  where  cran- 
berries are  grown  on  a  large  scale  for  any  lenth  of  time.  Its- 
caterpillar  stands  in  the  same  relation  to  the  cranberry  as 
the  apple- worm  to  the  apple,  and  the  grape-fruit  worm  ta 
the  berry.  The  moth  is  dull  gray;  the  fore- wings  are  reddish- 
brown  and  tawny  on  their  inner  portions,  and  with  the  pale 
costal  parts  nearly  pure  white,  which  strongly  contrasts 
with  the  dark  shades,  and  fully  relieves  the  basal  branch 
of  the  forked  shade  on  the  inner  part  of  the  basal  line,  which 
is  usually  darker  than  the  posterior  branch.  The  hind- wings 
are  pale  gray,  without  any  markings.  The  eggs,  whict 
when  laid  are  soft  and  adapt  themselves  more  or  less  closely 
to  the  object  to  which  they  are  attached,  are  laid  singly,  and 
generally  on  the  lower  end  of  the  forming  fruit,  or  in  the 
scar  left  by  the  flowers,  or  under  the  four  flaps  that  cover 
the  scar,  being  thus  well  sheltered  and  difficult  to  detect; 
sometimes  they  are  deposited  upon  the  surface  of  the  young 
fruit.  Their  color  is  white,  with  a  faint  yellowish  tinge.  As 
soon  as  the  caterpillars  hatch  they  eat  their  way  into  the 
heart  of  the  berry,  and  not  satisfied  with  one  they  go  to  the 
neighboring  ones,  thus  ruining  from  three  to  four  berries 
before  they  reach  their  full  growth,  which  takes  place  when 
the  fruit  is  ripe.  The  caterpillar  now  stops  the  last  entrance 
hole  with  a  silken  web;  the  affected  berry  turns  prematurely 
red  and  finally  shrivels  and  drops.  The  worm  is  at  first 
pale,  but  becomes  green,  with  more  or  less  pink,  and  reaches 
a  length  of  about  half  an  inch.  Such  caterpillars  are  found 
of  all  sizes  during  autumn,  a  few  even  persisting  until  win- 
ter; most  of  them  leave,  however,  the  ripening  berries  in 
September  or  October,  and  find  shelter  in  the  higher  ground, 
where  they  hibernate  in  an  ovoid  cocoon  of  silk,  covered 
with  grains  of  earth  and  sand.    Tl^e  brownish-yellow  pupa. 
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:h  brown  stigmata  and  a  sballowly  punctate  abdomen, 
brmed  the  following  spring,  and  the  moths  issue  quite 
[ularly  during  the  month  of  June,  or  by  the  time  the  cran- 
Ties  are  forming. 

As  the  growing  of  cranberries  is  becoming  quite  an  im- 
rtant  branch  of  horticulture  it  will  not  be  out  of  place  to 
ntion  the  remedies  suggested  by  the  Division  of  Ento- 
Jogy :  "  The  arsenical  mixtures  carefully  sprayed  during 
le  and  July  so  as  to  reach  the  calyx  cavity,  will  prove  the 
►st  satisfactory  preventive  of  this  insect's  injuries  by  kilU 


f.  202.—Mineota  vaccinii  Ril.    From  Div.  of  Bntomoloff}'.  Dcp.  of  Agriculttirr. 

\  the  young  larva  as  it  attempts  to  eat  its  way  into  the 
ry,  while  experience  would  indicate  that  the  natural 
)wth  of  the  berry,  together  with  the  effect  of  summer 
ns,  will  rid  the  fruit  as  it  matures  of  whatever  trace  of 
\  poison  might  prove  injurious."  Keeping  the  cranberi-y 
5  as  wet  as  possible  during  July  also  seems  to  be  a  good 
acdy.    The  life-history  of  the  insect  is  shown  in  Fig.  202, 


^^ 
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THE  LEAF-CRUMPLER. 

[Mineola  {Pbycis)  indigenella  ZelL). 

This  injurious  insect  is   becoming   very   numerous   iir 
nnesota,  and  steps  should  be  taken  to  destroy  it  now.    It 
ms  to  be  equally  fond  of  the  foliage  of  the  apple,  plum 
1  cherry.    When  we  examine  the  trees  late  in  autumn  or 
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during  winter  we  find  fastened  to  the  twigs  some  crumpled 
and  withered  leaves. .  If  these  are  investigated  a  little  closer 
we  can  detect,  well  hidden  among  these  leaves,  clusters  of 
peculiar  little  cases,  which  resemble  minute  horns,  open  at 
one  end,  tapering  to  almost  a  point  at  the  other,  and 
twisted  in  all  sorts  of  manner.  The  withered  leaves  are  very 
firmly  fastened  to  these  little  horns  and  to  the  twigs  by 
strong  silken  threads;  the  horn  itself,  tightly  attached  to  the 
bark,  is  constructed  of  silk  interwoven  with  the  dried  excre- 
ment and  frass  of  the  worm.  Its  inner  surface  is  smooth  and 
whitish,  its  exterior  rough  and  brownish.  When  we  open 
one  of  these  little  cases  we  find  in  it  a  small  caterpillar, 
which  was  born  late  in  summer,  and  had  reached  about  one- 
third  of  its  full  size  before  making  and  entering  the  case  for 
hibernation.  Early  in  spring,  when  the  buds  of  the  trees 
commence  to  expand,  these  caterpillars  also  become  active 
again,  and  with  an  appetite  sharpened  by  the  long  fast  they 
leave  their  cases  or  homes,  usually  during  the  night,  and 
draw  the  still  young  and  minute  leaves  towards  their  dwell- 
ing-places, fastening  them  by  means  of  some  threads  of  silk; 
they  can  now  enjoy  a  meal  upon  their  very  doorsteps,  hav- 
ing at  the  same  time  a  safe  retreat  in  case  of  danger.  Here 
the  caterpillar  thrives  until  it  has  reached  its  full  size,  when 
it  measures  about  six-tenths  of  an  inch  in  length.  Its  body, 
which  is  slightly  tapering  towards  the  posterior  end,  is  of 
a  dark,  dull,  greenish-brown  color;  the  head  is  dark  reddish- 
brown;  the  first  segment  has  a  horny  plate  at  the  top  and  a 
fattened  blackish  prominence  on  each  side,  below  the  plate; 
on  each  side  of  the  other  segments  are  several  small  blackish 
dots,  from  every  one  of  which  arises  a  single  brown  hair. 
By  the  early  part  of  June  the  caterpillar  is  mature;  it  now 
shuts  itself  up  in  its  case  and  changes  to  a  reddish-brown 
pupa,  about  four-tenths  of  an  inch  long,  from  which  the 
moth  escapes  about  two  weeks  later. 

This  moth  has  pale  brown  fore-wings,  with  patches  and 
streaks  of  silvery- white;  the  hind- wings  are  plain  brownish- 
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te;  the  under  side  of  both  wings  is  paler.  With 
inded  wings  the  moth  measures  about  seven-tenths  »f 
ich  across.  There  is  but  one  annual  generation. 
Notwithstanding  the  protection  of  this  snug  case  the 
rpillar  is  by  no  means  secure  from  enem'ies  and  several 
isites  are  known  which  keep  this  insect  in  check.  The 
:t  is  illustrated  in  Fig.  203. 


203. — Mincola  iadigenella  Zcll.:  a,  a  sinfrle  case;  6,  caae  covered  with  leavesr 
c,  front  part  of  caterpillar;  d,  moth.    After  Riley. 

The  best  remedy  we  possess  against  it  is  to  pick  off  the 
s  with  the  crumpled  leaves  during  the  time  when  the 
is  bare  of  foliage,  and  to  burn  them.  In  extreme  cases 
arly  application  of  any  of  the  arsenical  insecticides  will 
7t  successfuU. 

THE  WALNUT  CASE-BEARER. 

[Mineola  juglandis  LeB.). 

There  are  a  number  of  other  case-inhabiting  caterpillars 
the  one  living  on  the  walnut  and  hickory  is  found  quite 
n  but  by  no  means  as  common  as  the  one  just  described, 
caterpillar  of  this  insect  makes  a  straight  case,  which  is 
•  much  more  neatly  woven  together  on  the  outside.  It 
ttached  with  its  smaller  posterior  end  to  the  main  leaf- 
k,  and  the  caterpillar  draws  down  and  fastens  two  oi 
leaflets  to  hide  it  and  then  feeds  upon  it  from  the  point 
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to  the  base.  The  caterpillar  has  the  same  general  appear- 
ance and  is  of  the  same  size  as  that  of  the  apple-leaf  cram  pier 
but  is  darker  greenish.    It  has  many  enemies  and  there  is 


Fig.  20-1.— Mineola  juglandia  JAB.;  m,  case  indicated;  b,  case;  c,  </,  e,  wings. 

After  Riley. 

hardly  a  necessity  at  present  to  fear  its  occurrence.  If  it 
should  become  more  numerous,  especially  in  our  windbreaks 
or  where  walnut  trees  are  planted  in  large  numbers,  it  can 
be  kept  in  check  like  the  closely  allied  insect  described  before. 
It  is  shown  in  figure  204. 

THE  GOOSEBERRY  FRUIT  WORM. 

{Zopbodia  grossularias  Pack.). 

Many  of  our  farmer's  wives  depend  on  wild  gooseberries 
for  preserves,  and  as  our  state  abounds  in  such  fruit  there 
is  usually  no  lack  of  material  for  this  purpose.  But  not- 
withstanding the  abundance  of  these  berries  there  are 
seasons  when  the  crop  is  destroyed  entirely,  or  at  least  re- 
duced very  materially,  by  the  presence  of  the  above  insect, 
the  larvae  of  which  burrow  into  the  berries.  As  they  grow 
larger  they  fasten  a  number  of  berries  together  with  silken 
threads;  they  even  cut  off  the  stems  of  some  so  that  they 
can  be  brought  into  the  desired  position.  These  united 
berries  form  a  shelter  and  a  storehouse  of  food.    Only  a 
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*  hole  is  made  in  each  berry  just  large  enough  to  admit 
cwly  of  the  worm.    Like  all  caterpillars  of  such  insects 

worms  are  very  active,  and  if  their  house  is  ever  so 
disturbed  they  leave  it  very  suddenly  and  drop  to  the 
id  by  a  silken  thread,  which  enables  them  later  to  re- 
d  to  their  dwelling  places.  When  full  grown  thiscater- 
,  which  is  shown  in  Fig.  204%  suspended  by  a  thread 
tlso  upon  a  berry,  is  about  three-quarters  of  an  inch 

its  body  is  thickest  in  the  middle,  tapering  slightly 
rd  each  extremity,  of  a  pale  green  color,  sometimes 

a  yellowish  or  reddish  tint,  glossy  and  semi-trans- 
it. It  has  a  small,  homy  and  pale  brown  head,  the 
ral-shield  has  also  the  same  color.  Before  the  berry 
s  the  larva  drops  to  the  ground  where  it  makes  a  snug, 
n  and  paper-like  cocoon  among  the  dead  leaves  and 
sh ;  inside  this  safe  shelter  it  transforms  to  a  brown 
,  which  remains  inactive  until  the  following  spring, 
i  is  but  one  annual  generation. 


9"^ 


0^\/i.^Zopbodiagrosaulari»  Pack,.;  a,  cocoon;  6,  moth.    After  Saunders. 

he  moth  appears  soon  after  the  gooseberry  is  past 
ring,  when  it  deposits  the  eggs  upon  the  fruit  just 
?d.  The  wings  of  the  moth  expand  nearly  an  inch 
s;  **the  fore- wings  are  pale  gray,  with  dark  streaks  and 
s,  there  is  a*  transverse  diffuse  band  a  short  distance 
the  base  of  the  wing,  enclosing  an  irregular  whitish 
rhich  terminates  before  it  reaches  the  front  edge  of  the 
.    Near  the  outer  edge  is  another  transverse  band  en- 
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closing  a  whitish  zigzag  line,  there  is  also  a  row  of  blackish 
dots  within  the  outer  margin,  while  the  veins  and  their 
branches  are  white,  the  hind-wings  are  paler  and  dusky. 
The  head,  antennae,  body  and  legs  are  all  pale  gray,  whiter 
below  than  above.'*    (Saunders). 

The  insect  is  not  easily  combatted,  but  as  it  can  readily 
be  detected  it  can  also  be  destroyed  to  some  extent  by  hand 
picking.  If  neglected  it  increases  very  rapidly  and  no  ber- 
ries can  be  expected  until  parasites  or  unsuitable  climatic 
conditions  come  to  our  assistance.  Chickens  running  among 
the  bushes  after  ^he  fruit  has  been  gathered  will  find  and 
eat  many  of  the  pupae.  The  removal  and  burning  of  all 
rubbish  is  also  of  some  value,  and  in  extreme  cases  the 
proper  use  of  arsenical  poisons  is  recommended. 

THE  AMERICAN  PLUM-BORER. 

[Euzopbera  semi-fitneralisWalli.), 

Professor  Forbes  has  described  this  insect  in  detail,  and 
as  a  few  specimens  have  been  received  from  a  nursery  there 
is  no  doubt  that  it  occurs  in  the  state.  The  caterpillars 
attack  the  plum-tree  near  the  forks,  especially  at  the  base 
of  the  lower  limbs;  in  such  places  they  crowd  together  and 
destroy  the  bark  in  large  irregular  patches. 

Prof.  Forbes  writes:  **  Living  borers  received  3- 
November  were  about  half  an  inch  in  length,  of  a  greenish 
dusky  color,  with  only  a  few  scattered  hairs  springing  from 
small  dark  specks.  The  head  was  reddish-brown,  with  a 
darker  triangular  patch  in  the  middle,  and  the  top  of  the 
first  segment  behind  the  head,  the  cervical  shield  so  called, 
varied  from  yellowish  to  pitchy,  more  or  less  shaded  with 
brown,  but  with  a  median  yellow  patch.  "This  borer  has,  of 
course,  the  three  pairs  of  legs  and  the  fleshy  prolegs  (ten  in 
number)  of  the  caterpillar.  From  the  peach-borer,  whose 
structure  is  similar,  it  may  be  distinguished  by  its  duskj 
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)5.— Boxopliera   semi-fuaer- 
Valk.    After  Porl)e8. 


(the  other  being  white),  its  smaller  size  when  full 
n,  and  with  a  glass  by  the  hooks  on  the  prolegs.    In 
?ach-borer  the  ends  of  the  soft  stump-like  legs  are  pro- 
vided with  small  brown  hooks, 
y      *v  arranged  in  two  opposite  curves 

h^^^^-^^0t^  discontinuous  at  their  ends,  each 
^^KmjBBSP  of  a  single  row;  while  in  the  new 

^^iPl^l^^  plum-borer    the    corresponding 

hooks    form    a   complete   ring, 
nearly  covering  the  end  of  the  leg. 
'  "Kept  in  a  breeding  cage  and 
supplied  with  the  chips  and  twigs- 
of  the  plum  trees,  our  larvae  spun 
small  webs  in  which  they  passed 
the  winter.    By  3  May  a  part 
em  had  pupated,    and    28   and  29  May  two  winged 
s  emerged,  all  the  others  failing. 

These  moths  were  small  gray  insects,  the  extended  wings 
uring  about  eight-tenths  of  an  inch.  The  fore-wings 
reddish  behind  (within);  the  hind-wings  were  plain.**^ 
rated  in  Fig.  205. 

THE  APPLE-LEAF  SKELETONIZER . 

(Canarsia  Hammondi  Ril.). 

a  some  regions  of  the  United  States  this  insect  is  very 
Tous  Stid  correspondingly  injurious.  As  it  is  also  found 
Linnesota  its  life-history  is  given,  so  that  in  case  it 
Id  become  destructive  it  may  be  recognized  and  treated 
'dingly. 

'he  leaves  of  apple-trees,  and  especially  of  the  younger 
in  the  nurseries,  appear  sometimes  blighted,  corroded 
rusty.  If  we  search  for  the  cause  for  this  injury  we 
find  it  to  be  produced  by  the  gnawings  of  little  worms, 
oung  of  this  insect,  which  feed  solely  on  the  green  p    nip 
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parts  of  the  upper  surfaces  of  the  leaf,  not  touching  the 
h.arder  and  more  fibrous  frame-work  of  the  same.  In  ex- 
treme cases  this  green  substance  has  been  so  thoroughly 
removed  by  the  jaws  of  the  worms  that  nothing  remains 
but  the  semi-transparent  epidermis  belpw  and  the  net-work 
of  veins ;  in  most  cases,  however,  a  little  of  the  parenchyma 
is  left,  which  assumes  a  bright  russet-red  color.  The  cater- 
pillar always  covers  the  leaf  with  loose  silken  threads,  with 
which  are  mixed  the  minute  grains  of  the  gunpowder-like 

excrement;  below  this  covering 

'N  X  it  vis  protected  and  here  it  feeds 

^fc^^^^N^^/"^^^.^^^^      singly  or  in  groups ;  in  the  latter 

^B^E^A^t^B^      case   a   number    of   leaves    are 

^H^^HH^^^^^         drawn    together    to  give  addi- 

^^^^"W^^^^  tional  shelter.    The  caterpillar  is 

pale-brownish,  about  half  an 
inch  long,  and  marked  with  four 
conspicuous  black  shining  tuber- 
cles, with  a  pale  basal  annulation 
near  the  head.  The  pupa  is 
generally  formed  among  the 
leaves  in  a  very  slight  cocoon;  it 
is  of  a  pale  brown  color  and 
about  a  quarter  of  an  inch  long.  In  confinement  the  cater- 
pillars go  below  the  surface  of  the  ground,  and  in  this  case 
they  cover  their  cocoons  with  grains  of  sand.  The  insect 
hibernates  in  the  pupal  state.  The  insect  is  shown  in  Fig. 
206. 

The  strangely  marked  moth  has  the  fore-wings  of  a 
<ieep,  glossy,  purplish-gray,  marked  with  two  silver-gray 
transverse  bands. 

This  insect  is  also  preyed  upon  by  a  number  of  parasites, 
which  in  Minnesota  seem  to  be  able  to  keep  it  well  in  check. 
A  little  of  the  arsenical  poisons  used  in  time  will  prevent  in- 
juries, especially  in  our  nurseries,  where  the  insect  can  be- 
-come  a  decided  nuisance. 


Fig.  206. — CaaarsiH  Hamaioatii 
Ril ;  a,  larva;  c,  front  part  of  same, 
■enlarged;  5,  on  joint  still  more  en- 
larged; </,  moth,     *^ — "'* — 


After  Riley. 
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fclULY  PTEROPHORIDiE  OR  FEATHER-WING  MOTHS. 


3  is  a  very  interesting  little  family  of  small  slim 
which  are  distinguished  by  having  long  slender  legs 
ig  narrow  fore-wings  split  into  lobes,  feathers  or- 
Occasionally  the  fore- wings  have  only  one  cleft  or 
0vhich  does  not  extend  beyond  the  middle,  but  some- 
ley  are  split  their  full  length.  The  hind- wings  may  be 
into  from  four  to  six  lobes  or  feathers.  As  a  general 
se  insects  are  not  very  common  or  infest  wild  plants; 
lowever,  can  become  quite  injurious  to  cultivated 
It  is  strange  how  rapidly  insects  of  all  kinds  will 
;  in  numbers  if  food  is  abundant  and  enemies  scarce. 
I  an  interesting  case  near  the  Experiment  Station 
ears  ago.  A  good  many  new  streets  were  opened 
soil  taken  from  them,  in  most  cases  clear  sand,  was 
upon  some  low  lots  with  the  view  of  raising  them 
evel  of  the  street.  Upon  this  sand  nothing  would 
>r  two  seasons  but  the  common  thistle,  which  flour- 
owever,  to  such  an  extent  as  to  form  an  impenetrable 
ess.  About  the  time  that  the  first  flowers  were 
o  expand  all  the  terminal  branches  of  the  plants  died 
vas  found  that  each  branch  was  inhabited  by  a  single 
ilar  of  a  feather-winged  moth.  The  thistles,  how- 
covered,  and  each" plant  sent  out  a  number  of  new' 
js,  which  produced  a  large  number  of  flower  buds; 
ere  also  destroyed  by  a  second  generation  of  these 
which  in  turn  were  killed  by  parasites,  so  that  after 
plants  succeeded  in  producing  numerous  seeds  but 
uch  later  than  usual. 


M 


THE  RASPBERRY  PLUME. 

{Oxyptilus  tenuidactylus  Fitch), 
s  is  a  very  beautiful  little  moth  and  by  no  means  very 
non.    It  measures  about  an  inch  across  the  expanded 
The  head  and  thorax  are  dark  tawnv-brown  with  a 
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tinge  of  coppery-red;  the  posterior  part  ofthe  thorax  is  white. 
The  fore-wings  which  have  a  deep  br5wnish  or  coppery 
color  with  a  metallic  lustre  and  a  few  short  silvery-white 
lines,  are  cleft  down  the  middle  about  half  their  depth ;  this 
division,  as  well  as  the  outer  edge,  is  fringed.  The  hind- 
wings,  which  resemble  the  fore-wings  in  color,  are  cleft  into 
three  i^arts,  of  which  the  posterior  one  is  almost  linear;  all 
are  deeply  fringed.  The  antennae  are  ringed  with  silvery- 
white,  and  spots  of  the  same  color  are  also  found  ttpon  legs 
and  body,  the  latter  having  the  same  color  as  the  wings. 
When  at  rest  the  wings  are  closed  in  a  very  peculiar  fashion. 
The  caterpillars  of  this  moth  are  found  full  grown 
towards  the  middle  of  June;  they  are  then  about  four-tenths 
of  an  inch  long,  of  a  pale  yellowish-green  Color,  streaked 

Pig.  207.— Oxjrpt //MS  tenuidactjlus  Fitch.    After  Satmdert. 

with  pale  yellow,  and  with  transverse  rows  of  shining 
tubercles, from  each  of  which  rise  from  two  to  six  spreading 
hairs  of  a  yellowish-green  color.  The  small  head  is  pale 
green,  with  a  faint  brown  dot  on  each  side.  The  caterpillar 
^  spins  a  loose  web  between  leaves^^  and  in  it  changes  to  a 
pupa,  which  is  suspended  somewhat  like  the  chrysalis  of 
diurnal  butterflies,  which  it  also  resembles,  not  being 
rounded  as  are  most  of  the  pupae  of  moths  but  being  quite 
angular.  It  is  less  than  three-tenths  of  an  inch  long, 
pointed  behind,  enlarging  gradually  towards  the  front, 
where  near  the  end  it  slopes  abruptly  to  the  tip.  It  is  of  a 
pale  green  color,  with  a  darker  green  line  along  the  back, 
margined  on  each  side  with  a  whitish  ridge;  the  pupa  is  more 
or  less  hairy.  Before  the  perfect  insect  escapes  the  pupa  grad- 
ually assumes  a  darker  color.  The  insect  is  shown  in  Fig.  207. 
At  present  this  insect,  which  feeds  also  upon  the  black- 
berry, is  not  common  enough  to  cause  injury. 
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THE  GARTERED  GRAPE  PLUME. 


( Ojrptilus periscelidactylus  Fitch). 

his  moth  is  sometimes  quite  abundant,  and  has  else- 
j  caused  some  injury  to  the  foliage  of  the  grape-vine, 
aterpillars  appear  very  early  in  spring,  or  as  soon  as 
aves  unfold;  they  have  the  bad  habit  of  fastening  to- 
r  the  terminal  leaves  into  a  large  ball,  within  which 
liv^  feeding  upon  the  tender  leaves  and  young  bunches 
wers.  Thisxhabit  causes  the  caterpillars  to  do  con- 
ible  damage,  but  when  we  investigate  the  case  more 
mghly  we  find  that  after  all  this  is  not  so  great  since  in 
cases  they  do  not  commence  operations  until  the 
n^  of  flowers  are  already  too  large  to  be  enclosed  in  the 
hence  are  not  always  eaten.  The  insects  reach  their 
full  size  quite  early,  giving  the 
'^^^^^F'  damaged  shoot  an  opportunity  to 
^frlTl^  send  out  a  new  spur  from  the  last 
A'd'X  leaf,  so  that  the  effects  from  the 

k       /      \  presence  of  the  worm  are  scarcely 

noticed  afterwards.  In  June  the 
worms  reach  their  full  size,  when 
they  are  about  half  an  inch  in 
length,  of  a  yellowish-green  color, 
with  transverse  rows  of  dull  yellow 
tubercles,  from  each  of  which  arises 
a  small  tuft  of  white  hairs.  Owing 
to  these  tufts  of  hairs  the  cater- 
pillars resemble  those  of  some 
**Woolly  Bears."  A  line  along  the 
back  is  of  deeper  green,  and  the 
body  is  paler  between  the  seg- 
The  Ismail  yellowish-green 
head  has  a  black  band  across  the 
;  the  feet  are  black,  tipped  with  pale-green;  the 
and  thin  prolegs  are  greenish.     As  soon  as  mature 
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376  FEATHER- WING  MOTHS. 

the  worm  spins  a  few  silken  threads  on  the  under  side  of  a 
leaf,  or  in  some  other  sheltered  spot,  and  having  entangled 
its  hind-legs  firmly  in  this  web  of  silk  it  sheds  its  hairy  skin 
and  becomes  a  pupa,  which  is  a  very  odd  looking  affair, 
about  four-tenths  of  an  inch  long,  very  angular  and  rugged, 
and  most  decidedly  active  if  touched.  It  possesses  on  the 
middle  of  the  back  two  rather  long  and  compressed  horns 
placed  side  by  side,  and  extending  upwards;  other  projecting 
points  and  ridges  are  also  found.  Its  color  is  pale  yellow- 
ish-green. After  remaining  in  this  condition  for  about  two 
weeks  it  gives  forth  the  perfect  insect.  Fig.  208  shows  this 
insect  in  its  different  states. 

The  moth,  expanding  about  seven-tenths  of  an  inch,  is  a 
very  pretty  insect;  it  has  long  and  narrow  fore-wings,  ckft 
down  the  middle  about  halfway  to  their  base,  the  posterior 
half  of  the  wing  possesing  a  notch  in  the  outer  margin. 
Their  color  is  yellowish-brown,  with  a  metallic  lustre  and 
several  dull  whitish  streaks  and  spots.  The  hind-wing  is 
colored  in  a  similar  manner,  and  is  divided  into  three  lobes; 
the  lower  division  is  complete,  extending  to  the  base;  the 
upper  one  not  more  than  two-thirds  of  the  distance.  All 
margins  of  the  wings,  including  those  of  the  lobes,  are 
bordered  with  a  broad  whitish  fringe,  sprinkled  here  and 
there  with  brown;  the  long  and  slender  body  is  a  little 
darker  than  the  wings;  the  moderately  long  and  thread-like 
antennae  are  nearly  black,  beautifully  dotted  with  white 
throughout  their  whole  length.  The  legs  are  long,  alter- 
nately banded  with  yellowish-brown  ancj  white,  the  pos- 
terior ones  ornamented  with  two  pairs  of  diverging  spines, 
which  possess  at  their  base  a  garter-like  tuft  of  long  brown 
scales. 

The  moth  produces  but  one  annual  generation,  hence  is 
not  very  difficult  to  keep  in  check  by  picking  off  the  infested 
tips,  or  by  crushing  the  caterpillars  within  the  webbed 
leaves. 
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JPER-FAMILY  TORTRICINA  OR  BELL-MOTHS. 

bese  moths  are  generally  small,  with  broad  fore-wings 
ily  squarely  cut  oflF.  The  front  margin  ofthe  wingciirYes 
BU"d  very  strongly  near  the  base  of  the  wing,  and  at  rest ' 
road  fore-wings  fold  above  the  body  like  a  roof.  The 
s  are  usually  of  the  color  of  the  body  and  frequently 
[>ut  markings.  Most  of  the  caterpillars,  which,  how- 
vary  greatly  in  habits,  are  leaf-rollers,  and  this  habit 
jsted  the  name  "Tortrix."  The  leaves  are  rolled  to- 
T  in  various  ways,  and  are  not  simply  used  as  shelter 
ilso  as  food,  and  in  many  eases  such  a  leaf  is  at  first 
est  for  an  entire  brood  of  caterpillars. 

IE  FAMILY  TORTRICID^  OR  TYPICAL  LBAF-FOLDBRS. 

Considerably  more  than  one  hundred  different  kinds  of 
aoths  belong  to  this  family.  Most  of  their  caterpillars 
lecidedly  injurious  and  not  a  few  are  found  upon  our 
producing  plants. 

THE  CRANBERRY    LEAF-FOLDER. 

(Teras  oxycoccana  Pack.). 

tily  a  single  specimen  of  this  insect  was  found  near 
Rapids,  showing,  however,  that  the  moth  exists  in  our 
,  perhaps  in  large  numbers.  If  the  growing  of  cran- 
es in  our  numerous  bogs,  some  of  which  are  well 
ted  to  this  purpose,  should  become  much  more  of  a 
ess  than  it  is  now  there  is  but  little  doubt  that  this  in- 
prill  prove  destructive.  It  is  a  small  moth,  spreading 
Y  three-fourths  of  an  inch  across  the  wings,  with 
rm  reddish-brown  fore-wings  with  a  peculiar  silky 
?;  the  red  tint  is  caused  by  scattered  bright-red  scales, 
bind-wings  are  glistening  gray;  the  body  is  of  a  dark 
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slate  color,  with  a  pale  tuft  of  hairs  at  the  tip  of  the 
abdomen. 

Prof  John  B.  Smith  who  has  studied  very  closely  the 
insects  infesting  the  cranberries,  has  come  to  the  conclusion 
that  by  keeping  the  bogs  covered  with  water  until  after  the 
middle  of  May,  thus  compelling  the  moths  to  deposit  their 
€ggs  on  other  plants  belonging  to  the  same  natural  family, 
the  intelligent  cranberry-grower  can  prevent  or  greatly 
lessen  the  damage  done  by  this  and  allied  insects. 

THE  LESSER  APPLE  LEAF-FOLDER. 

{Teras  minuta  Rob.). 

This  insect  occurs  sometimes  in  great  numbers  and  is 
consequently  injurious  to  apple-trees,  especially  the  younger 
ones,  or  {hose  still  in  the  nursery,  and  causes  them  to  look 
as  if  scorched  by  fire.    The  caterpillars  are  small  greenish 

larvae,  smooth,  with  pale  brown 
heads   and    whitish    markings. 
They  appear  early  in  spring,  and 
by   drawing   together   the  still 
tender  leaves  with  silken  threads 
they  form  a  sort  of  protecting 
roof     over     themselves,    which 
serves  both  as  a  shelter  and  as 
food.     The  second  brood   does 
Fig.  210.^  Teras  minuta  Rob.;  uot  form  this  protecting  shelter, 
cm|ty^'?upai' Bkii?  p^oje?ti?g  *fr^     but  simply  coustructs  a  web  over 
*^^'  the  surface  of  the  leaf.    The  full 

grown  caterpillar  eats  off  the  upper  cuticle  of  a  por- 
tion of  a  leaf,  and  then  brings  the  edges  together,  tying 
them  with  silken  threads,  so  as  to  form  a  snug  little  retreat 
lined  with  white  silk,  inside  of  which  it  changes  to  a  brown 
pupa,  about  three-tenths  of  an  inch  long.  Some  segments  of 
the  pupa  are  furnished  with  minute  spines  and  the  posterior 
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mity  has  two  books  bent  downwards;  by  means 
nes  and  hooks  it  works  itself  half  way  out  of  the 
it  before  the  escape  of  the  moth.  See  Fig.  210,  d. 
he  moth  has  the  head,  thorax  and  fore-wings  of  a 
t  orange  color;  the  hind-wins^s,  body  and  legs  are 
sh,  with  a  silken  lustre.  The  moth  expands  about  half 
:h  across  the  wings. 

he  first  brood  appears  very  early  in  spring,  in  time  to 
at  their  eggs  on  the  young  and  just  unfolding  foliage; 
jcond  brood  is  common  during  the  latter  part  of  July. 


t     ' 


PACKARD  S  YELLOW  CRANBERRY  WORM. 

{Teras  vaccimvdrana  Pack.). 

his  is  considered  a  variety  of  the  above  insect.  It  is  a- 
common  insect  in  the  eastern  cranberry  bogs  and  may 
occur  in  -Minnesota.  The  caterpillar  of  this  insect 
s  the  leaves  of  the  cranberry  together  with  silken 
ds,  and  ieeds  upon  their  upper  surface;  it  is  paleyel- 
with  a  slight  greenish  tiiige,  with  a  few  fine,  long,  pale 
arising  from  prominent  tubercles. 


THE  GREEN  APPLE-LEAF  TVER. 

{Teras  minata  var.  Cinderella  Ril.). 

his  is  considered  as  being  simply  a  slate-colored 
ty,  but  sufficiently  well-marked  to  deserve  a  name.  Its 
wings  are  of  a  glossy  dark  ash-gray  color;  the  hind- 
8  are  a  little  paler. 

'he  small  caterpillar,  which  is  yellowish-green,  with  a 
y  head  and  neck  of  a  deeper  yellowish  color,  has  a 
ent-shaped  black  mark  upon  the  former.  Like  all  leaf- 
rs  or  leaf  folders  it  draws  together  the  edges  of  a  leaf  and 
within  the  fold.    It  is  a  very  active  and  minute  worm^ 
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^vhich  wriggles  quickly  out  of  its  case  and  drops  to  the 
ground  as  soon  as  disturbed. 

All  these  insects  are  rather  difficult  to  exterminate  on 
account  of  their  method  of  living  in  protecting  folds,  but 
repeated  spraying  at  the  proper  time  with  arsenical  poisons 
will  prove  successful. 

THE  OBLIQUE-BANDED  LEAF-ROLLER. 

{Caccecia  rosaceana  Harr.). 

This  is  a  very  common  insect  found  upon  the  apple, 
plum,  cherry,  rose,  raspberry,  gooseberry,  currant,  straw- 
berry and  other  plants.  In*  some  seasons  it  is  decidedly 
injurious,  and  many  complaints  are  made,  especially  by 
lovers  of  the  rose,  whose  pets  are  disfigured  by  the  presence 
of  such  worms.  When  mature  they  are  about  three-quarters 
of  an  inch  long,  of  a  pale-green  or  yellowish-green  color, 
but  sometimes  reddish  or  brownish,  with  head  and  cervical- 
shield  brown ;  there  is  usually  a  darker,  green  stripe  along 
the  back,  and  a  few  smooth  dots  on  each  segment,  from 
each  of  which  arises  a  short  fine  hair.  The  young  cater- 
j)illars  appear  as  soon  as  the  buds  of  the  apple-tree  begin  to 
unfold;  they  roll  up  and  fasten  together  the  still  tender 
leaves  which  furnish  them  both  shelter  and  food.  When 
mature  the  caterpillar  prepares  its  old  dwelling  place  into  a 
safer  retreat  by  lining  its  inside  with  silk;  it  now  changes 
to  a  pupa  of  a  dark-brown  color,  from  which  issues  towards 
the  end  of  June  or  early  in  July  the  winged  insect,  shown  in 
Fig.  211,  Plate  VIII. 

This  and  a  few  other  closely  allied  moths  are  character- 
ized by  a  peculiar  form;  when  their  wings  are  folded  they  are 
short,  broad  and  flat  insects,  resembling  bells  in  outline;  the 
expanded  wings  are  very  much  arched  on  the  front  edge, 
curving  in  a  contrary  direction  near  the  tip.  The  body  of 
the  moth  is  reddish-brown,  the  fore-wings  of  a  light  cin- 
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tnon-brown  crossed  with  wavy  darker  brown  lines,  and 
th  three  broad,  oblique,  dark-brown  bands,  one  of  which 
;rers  the  base  of  the  wings  and  is  sometimes  indistinct  or 
inting;  the  second  crosses  the  middle  of  the  wings,  and 
I  third,  which  is  broad  on  the  front  edge  and  narrow  be- 
id.  is  near  the  outer  hind  margin.  The  hind- wings  are 
bre-yellow,  with  the  folded  part  next  to  the  body  blackish. 
le  moth  expands  nearly  an  inch  across  the  wings;  it  varies 
tisiderably  in  color,  but  the  description  giv^n  will  fit  the 
ijority. 

Besides  eating  the  foliage  the  caterpillars  are  also  very 
id  of  the  skin  of  the  young  apple,  and  the  spots  abraded 
them  soon  change  to  a  brown  and  rusty  color,  or  crack 
en.  The  injury  caused  by  these  worms  is  sometimes 
eater  than  is  warranted  by  their  size,  especially  if  they 
ve  selected  the  terminal  branches  of  a  tree  for  their  home; 
this  case  the  growth  of  the  branch  is  checked  for  quite  a 
ig  time. 

Notwithstanding  the  fact  that  the  leaf-rollers  form 
How  cylinders  firmly  fastened  together  with  silken  threads, 

other  equally  snug  quarters  as  a  protection  against 
:ds  and  other  enemies,  they  are  readily  found  by  a  number 
parasites.  The  Baltimore  Oriole,  with  its  pointed  beak, 
rely  makes  a  mistake  in  finding  the  worm,  and  in  most 
ses  the  first  attempt  to  pick  up  the  hidden  insect  is  suc- 
ssful,  as  shown  by  the  single  perforation  found  in  such 
ify  cylinders,. 

Hand-picking  done  early  in  the  season  is  always  a  good 
id  safe  remedy,  but  can  only  be  done  in  small  orchards 
ith  low-growing  trees.  If  the  insect  becomes  at  all 
imerous  we  should  spray  the  trees  with  arsenical  poisons. 
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THE  ROSB  LFAF-FOLDER; 

( CacceciH  rosana  Linn. ) . 

This  common  leaf-roller,  fonnd  both  in  Europe  and  the 
United  States,  feeds  also  on  the  apple,  wild-rose,  raspberry, 
hazel,  hawthorn,  currant,  gooseberry  and  other  plants.  It 
has  not  yet  been  found  in  Minnesota,  but  may  occur  here. 

THE  CHERRY-TREE  LEAF-FOLDER. 

{Cacoecia  cerasivorana  Fitch). 

Caterpillars  of  this  insect  fere  frequently  exceedingly 
numerous,  not  alone  on  the  wild  cherries  but  on  the  culti- 
vated ones  as  well.  As  long  as  they  are  still  young  they  are 
not  readily  detected,  but  as  they  grow  older  they  draw  to- 
gether with  silken  threads  the  leaves  and  twigs  oY  the 
infested  plant,  and  in  this  manner  foirm  a  very  large  and  un- 
sightly nest.  The  caterpillars,  which  are  gregarious  in  their 
habits,  feed  inside  these  enclosures;  they  are  about  five-eighths 
of  an  inch  long,  nearly  cylindrical,  and  have  a  black  head; 
the  body  is  yellow  above  and  a  little  paler  between  the  seg- 
ments, and  is  covered  with  a  few  very  fine  yellowish  hairs. 
The  anterior  portion  of  the  second  segment  and  the  pos- 
terior portion  of  the  terminal  one  is  black;  there  is  also  a 
faint  dorsal  line  of  a  darker  shade;  the  under  «ide  is  similar 
to  the  upper  in  color  and  the  six  true  claw-like  feet  are  black. 
The  caterpillars  change  to  pupae  inside  the  nest,  and  these 
latter,  when  about  to  give  forth  the  moths,  work  their  way 
out  and  hang  suspended  from  the  outer  portion  of  the  nest, 
clinging  to  it  only  by  the  hooks  at  the  tail  end  of  their 
bodies.  Here  the  winged  insects  emerge,  leaving  the  empty 
pupal  skins  projecting  from  the  web.  The  pupa  is  of  a  pale 
brown  color.  The  moths  vary  greatly  in  size,  ranging  from 
our-fifths  of  an  inch  to  one  and  one-fifth  inches  across  the 
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sinded  wings.  These  latter  are  broad  and  flat,  the  outer 
!of  the  fore-wings  being  rounded  towards  the  base,  and 
ight  from  the  middle  to  the  tip ;  they  are  crossed  by 
[[ttlar  wavy  bands,  alternately  of  bright  ochre-yellow 
and  pale  leaden  blue;*  the  yellow  bands  are 
varied  with  darker  spots,  the  most  con- 
l^l^iHp  spicuous  of  which  is  placed  on  the  outer 
BBBp^  margin  of  the  tip,  and  from  this  spot  a 
212— c«cceci«  broader  ochre-yellow  band  extends  to- 
s/ror«xi<!  Fitch,  wards  the  hind  angle,  and  curves  thence 
to  the  inner  angle;  the  hind-wings  and 
re  under  surface  are  pale  ochre-yellow.  This  moth  is 
vn  in  Fig.  212,  and  also  on  Plate  VIII. 
rhere  are  seasons  in  which  these  caterpillars  are  so 
lerous  that  whole  trees,  especially  the  smaller  varieties 
ild  cherries,  are  entirely  enclosed  by  several  united  webs, 
all  leaves  are  eaten,  so  that  frequently  nothing  is  left 
a  few  cherries,  which,  however,  shrivel  before  long.  If 
erous  the  unsightly  webs  should  be  removed  with  their 
pants  and  should  be  burned.  Any  application  with 
nical  poisons  would  be  useless  at  this  time,  as  the  leaves 
d  not  well  be  reached  on  account  of  the  web  enclosing 


THE  CRANBERRY  LEAF-ROLLER. 

{Cacoecia  paralella  Rob.). 

^  few  of  these  insects  were  observed  during  the  middle  of 
in  a  swamp  near  St.  Anthony  Park,  and  a  closer  in- 
tion  showed  that  a  number  of  cranberry  plants  were 
bed  together.  The  caterpillars  were  about  three-fourths 
1  inch  long,  reddish,  with  yellow  heads,  and  a  number  of 
prominent  warts  upon  their  backs;  from  each  one  of 
e  tubercles  grew  one  or  more  rather  long  and  stiff  hairs, 
s  of  thes6  caterpillars  pupated  in  confinement,  but  as 
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they  agreed  very  well  with  the  description  given  by  Prof. 

Smith,  there  is  little  doubt  that  they  were  the  young  of  this 

insect. 

The  moth  (Fig.  213)  has  reddish-orange  fore-wings, 
crossed  diagonally  by  numerous  fine  lines 
of  a  darker  red-brown.  There  is  also  a 
broad,  oblique,  -red-brown  band  across 
the  middle  of  the  wing,  and  a  second  of 
FiR.  2i3.-caccecia     the  Same  color  cxtcuds  to  its  tip,  forming 

paraieiia  Rob.  ^  triangular  apical  space;  it  is  itself  crossed 

by  still  darker  brown  lines;  the  hind-wings  are  pale  yellow. 

THE  V-MARKED  CACCECIA. 

{Cacoecia  argyrospila  Walk.). 

This  is  also  a  common  species  which  flies  to  wards  theend 
of  June.  Its  caterpillar  is  a  very  general  feeder,  being  found 
upon  the  rose,  hickory,  apple,  oak,  maples,  elm,  cherry,  and 
even  upon  such  plants  as  vetches.  The  colors  of  the  moth 
v^ry  considerably,  but  are  usually  a  shining,  pale^  lemon- 
yellow,  with  a  basal  patch,  central  fascia  and  large  costal 
spot  rich,  dark,  velvety-brown.  The  spaces  between  the  or- 
dinary markings  are  clouded  and  speckled  with  dark  brown, 
intermixed  with  ochraceous  scales;  fringes  pale  ochraceous. 
The  hind- wings  are  dark  fuscous.    (Fig.  214,  Plate  VIII). 

THE  HICKORY  LEAF-ROLLER. 

(Lophoderus  Jug-landana  Fern.). 

This  insect  has  once  been  found  flying  among  some 
young  hickory  and  black  walnut  trees,  and  as  it  is  known 
to  be  injurious  to  these  plants,  it  is  best  to  give  a  short  de- 
scription of  it.  The  whole  insect,  with  the  exception  of  the 
lower  wings,  which  are  of  a  fuscous  color,  is  dark  reddish- 
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>wn;  each  of  the  fore-wings  has  two  oblique,  narrow 
ids  of  darker  brown,  and  in  the  male  there  are  scattered 
'ew  scales  of  straw-yellow  color,  especially  along  the 
-ders  of  the  oblique  bands. 


THE  APPLE  LOPHODERUS. 

(Lophoderus  ttiferana  Walk.). 

This  leaf-roller  occurs  on  the  apple,  rose  and  on  many 
ler  plants;  it  is  very  much  smaller  than  jvglandana.  The 
e-wings  are  pale  reddish-brown  within  the  central  fascia; 
\  internal  margin  is  broadly  covered  at  base  with  black- 
-brown  scales  forming  a  rather  prominent  irregular  spot, 
e  central  fascia  is  broad,  distinctly  dark-brown,  some- 
les  reddish-brown.  The  sub-apical  costal  spot  is  dark- 
>wn,  and  separated  from  the  central  fascia  by  a  reddish- 
>wn  shade.  The  remaining  outer  portion  of  the  wing  is 
le  ochreous  except  a  testaceous-brown  spot  above  the 
al  angle;  fringes  dark  ochreous. 

THE  RUSTY-BROWN  TORTRIX. 

(Platynota  Havedana  Clem.). 

This  insect  feeds  in  its  larval  state  upon  the  strawberry^ 
spberry,  red  and  white  clover.  It  is  not  very  common, 
t  is  found  from  time  to  time  in  fairly  large  numbers, 
3wing  that  it  can  under  favorable  conditions  become  in- 
ious.  The  full  grown  caterpillar  is  about  half  an  inch 
ig,  of  a  dark  yellowish-green  color,  with  the  piliferous 
Dcrcles  a  little  lighter  and  faintly  polished.  Head  and 
Dracic-plate  are  reddish,  first  joint  and  anterior  margin  oi 
I  thoracic  segment  white;  the  anal-plate  is  concolorous 
th  the  body,  sometimes  a  little  lighter.  There  are  three 
sky  spots  near  the  anterior  margin  of  the  anal-plate;  the 
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"tip  of  the  segment  has  eight  short  and  stiff  bristles,  and  the 
mrhole  body  is  covered  with  minute  brown  granulations. 
Early  in  September  these  caterpillars  change  to  brownish 
pupae  with  the  usual  short  spines  on  the  edges  of  the  dorsal 
«ide   of  the   abdominal   segments.     Soon   afterwards  the 
moths  appear,  of  which  the  sexes  differ  considerably.    The 
males  are  of  a  dark-brown  color  over  the 
larger  part  of  the  fore- wings,  with  minute 
tufts  of  scales  over  the  surface;  the  outer 
portipn  and  base  of  the  wings  are  reddish- 
^  m^.2i7.^Piatxnota     ycHow;  the  hind-wings  are  dull  rust-red. 

I  aavednaa  Clem.        jj^^  femalcs  are  dull   rust-red,    the   fore- 

'  \yings  with  three   oblique   bands   across 

.  them,  nearly  obliterated  in  places.     The  expanse  of  wings 
3  in  the  male  is  five-eighths  of  an  inch,  that  of  the  female  three- 

"^  fourths  of  an  inch.    (Fig.  217). 
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THE  SULPHUR-COLORED  TOR  J  RIX. 

{Dichelia  sulfureana  Clem.)/ 

The  caterpillars  of  this  insect  are  rather  general  feeders ; 
they  are  also  found  upon  the  leaves  of  the  grape  and  the 
strawberry,  which  they  draw  together.    Their  home  is  most 
frequently  arranged  in  such  a  manner  that  it  forms  a  tube, 
open  at  either  end ;  they  feed  upon  the  surrounding  foliage, 
of  which  they  devour  only  the  under  surface  as  long  as  they 
^re  still  small,  but  later  they  eat  irregular  holes.    Like  most 
of  such  larvae   they  are  very  active  arid 
escape   from   their    tubes    by  suspending 
themselves  by  a  silken  thread,  by  which 
they  can  let  themselves  down  to  the  ground 
FiK.  2i8.-D/c/,e//a     ^^^  rcasccud  to  their  shelters.    The  cylin- 
suifurcana  Clem,        ^^.{^^1    Caterpillar    is    slightly    fusi-form; 
head  and  thorax  are  very  oale  honey-yel- 
low, the  rest  of  the  body  is  yellowish-gi:een  with  the  ali- 
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ary  eanal  showing  dark  green  through  the  dorsum, 
piliferotis  tubercles  are  slightly  paler  than  the  rest  of 
ody,  and  each  one  is  surmounted  by  a  brownish  hair, 
(piracies  are  green  with  a  brown  ring.  Most  of  the 
pillars  transform  early  in  July,  to  pupae  of  a  dark  shin- 
rown;  the  moths  issue  soon  afterwards.  They  are  of  a 
;iful  bright-sulphur  and  golden-yellow  color,  with  a 
iped  purplish  red  mark  across  each  fore-wing,  and  more 
IS  of  the  same  color  along  the  front  border.  They 
are  with  expanded  wings  about  half  an  inch  across. 
218. 

FAMILY  GRAPHOLITHIDiE  OR  GRAPHOLITHIDS. 

hese  moths  are  readily  distinguished  from  the  other 
icids  by  the  presence  of  a  fringe  of  long  hairs  on  the 
part  of  the  cubitus  of  the  hind-wings.    Nearly  two- 
5  of  all  our  species  of  Tortricids  belong  to  it. 

THE  GRAPE-BERRY  MOTH. 

{Evdemis  botmnaSch\ff.), 

[lis  insect  was  imported  many  years  ago  into  this 
ry  from  southern  Europe  where  it  is  very  injurious. 
now  very  widely  distributed  in  the  United  States, 
ring  probably  wherever  the  grape  is  cultivated  to  any 
b.  It  attacks  all  varieties  of  grapes,  but  is  especially 
ictive  to  those  with  tender  skinned  berries  or  which 
in  compact  bunches.  It  feeds  also  upon  a  number  of 
plants  and  can  become  such  a  very  injurious  pest  that 
been  known  to  destroy  as  much  as  50  to  75  per  cent. 
Top.  In  the  more  southern  states  it  produces  three 
il  generations,  but  only  two  farther  north.  The  first 
;  of  it  is  but  rarely  noticed,  and  no  protective  steps  are 
;  later  in  the  season  it  can  multiply  with  great  rapidity, 
it  is  apt  to  become  decidedly  injurious  to  the  grapes 
ring  late. 
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The  young  caterpillars  injure  the  berries  early  in  July^ 
when  the  infested  fruit  shows  a  discolored  spot  where  the 
larva  has  entered.  When  we  open  the  berry  we  generally 
find  in  the  pulp  a  long  and  thin  larva  of  a  whitish-green 
color.  Besides  feeding  on  the  pulp  it  sometimes  eats  por- 
tions of  the  seeds,  and  if  the  contents  of  a  single  berry  are 
not  sufficient  two  or  more  are  drawn  together  by  means  of 
silk,  mixed  with  castings.  Such  injured  berries  begin  to 
appear  while  the  fruit  is  young  and  green,  but  they  increase 
in  numbers  as  they  ripen.  Infested  berries  resemble  very 
much  those  that  are  afflicted  by  a  disease  called  the  Black 
J?ot.  The  young  larva  is  about  an  eighth  of  an  inch  long, 
has  a  black  head  and  a  blackish  cervical-shield;  its  body  is- 


Fij?.  219.— Eudemis  botrana  SchifT.;  a,  moth;  b,  larva;  c,  pupa;  O  ca»e  with 
empty  pupa,  all  enlarfred;  f.  |;rap«s  with  worm  natural  Jiixe.  Prom  Div.  of  Bn- 
tomology,  Dep.  of  Agriculture. 

dull  whitish  or  yellowish-green.  It  is  always  very  active 
and  is  apt  to  wriggle  out  of  the  grape  and  escape.  When 
full  grown  it  is  about  one-third  of  an  inch  long,  and  is  now 
olive-green  or  dark-brown.  At  this  time  it  abandons  the 
berry,  and  now  cuts  out  of  the  grape-leaf  a  little  flap,  which 
it  folds  over  and  fastens  with  silk,  thus  forming  a  small 
oblong  case,  in  which  it  changes  to  a  yellow  or  yellowish- 
brown  pupa.  Sometimes  the  larva  simply  rolls  over  a  piece 
of  the  edge  of  a  leaf  and  thus  forms  a  retreat,  which  it  lines 
with  silk.    The  moth  measures  with  expanded  wings  nearly 
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:entbs  of  an  inch  across.  Its  fore-wings  are  of  a  slate- 
,  or  of  a  pale  dull  bluish  shade,  with  a  slight  metallic 
S  and  ornamented  with  dark  reddish-brown  bands  and 
;  the  hind- wings  are  dull  brown,  deeper  in  color 
rds  the  margin;  the  body  is  greenish-brown.  The  last 
ation  of  larvae  remains  in  their  leaf-cases  through  the 
T,  and  emerges  early  in  the  spring.  This,  the  first  brood 
lerpillars,  feeds  upon  the  leaves,  tendrils  and  blossoms 
)  grape,  there  being  not  yet  any  berries  to  enter.  All 
8  of  this  insect  are  shown  in  Fig.  219. 
[r.  Marlatt  writes  in  one  of  the  late  bulletins  of  the 
)f  Entomology  that :  '*the  use  of  poison^  is  not  practi- 
except  against  the  first  brood,  which  develops  on  the 
part  of  the  vine,  and  here  the  result  is  doubtful,  be- 
it  is  more  than  likely  to  breed  on  a  great  variety  of 
^e  and  spraying  would  not  aflbrd  much  protection, 
ing  the  grapes  as  soon  as  the  fruit  sets  will  undoubt- 
)rotect  them  from  this  insect,  andatthe  sametimefrom 
:  Rot.  Of  greater  practical  value,  especiall}'  in  larger 
ards,  is  the  prompt  collection  and  burning  of  all  fallen 
}  in  autumn,  thus  destroying  the  hibernating  larvae  and 
,  and  also  the  collection  and  destruction  of  diseased 
wherever  feasible.  Early  gathering  and  shipping  or 
sal  of  fruit  otherwise  is  a  particularly  valuable  step,  as 
ures  the  removal  of  the  larva  in  the  grapes  from  the 
ard  if  not  their  destruction  in  wine  making.  All  fallen 
should  also  be  gathered  and  destroyed." 

THE  APPLE  BUD- WORM. 

-{Exartema  malana  Fern.). 

his  insect  has  been  quite  injurious  in  northen  Illinois, 
t  the  young  caterpillar  after  devouring  the  bud,  fastens 
af-stalk  of  one  of  the  leaves  growing  near  the  tip  to 
de  of  the  branch,  and  thus  forms   a   sort  of  tunnel 
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between  the  leaf-stalk  and  the  branch,  in  which  it  finds  a 
shelter  during  the  day,  issuing  from  it  at  night  to  eat  tlie 
leaf  so  secured.  It  is  stated  that  if  it  has  eaten  this  leaf  it 
also  devours  the  newly  formed  wood,  even  burrowing  for  a 
short  distance  into  the  twig.  The  tips  of  the  infested  twigs 
usually  die  back  as  far  as  the  base  of  the  first  perfect  leaf, 
where  a  new  bud  forms,  which  soon  assumes  the  position  of 
the  one  destroyed.  As  this  new  bud  is  late  in  starting,  and 
never  grows  straight,  the  injury  caused  by  these  small 
worms  interferes  seriously  with  the  growth  of  the  trees,  and 
also  mars  their  beauty.  As  long  as  young  the  caterfollar  is 
pale  greenish,  or  yellowish-green,  sometimes  tinged  with 
pink  on  the  back.  It  has  a  yellowish  head,  with  a  black  dot 
on  each  side;  the  cervical-shield  is  also  yellowish.  When  full 
grown  it  measures  about  half  an  inch  in  length  and  itisnow 
of  a  dark  flesh  color;  its  body  is  marked  with  a  number  of 
small  shining  spots,  and  the  head  and  horny  cervical-shield 
are  black.  When  about  full  grown  it  deserts  the  tunnel  on 
the  twig  and  constructs  a  yellow  woolly  tube  or  case  upon 
one  of  the  leaves,  in  which  it  lives,  issuing  at  night  to  feed 
upon  the  neighboring  leaves;  if  it  has  to  move  it  drags  its 
case  along.  Soon  afterwards  it  closes  the  house  with  a 
silken  door  and  tranforms  inside  to  a  pupa,  from  which  the 
moth  issues  in  about  ten  days. 

There  is  but  one  annual  brood  of  this  insect.  Its  fore- 
wings  are  white,  mottled  and  spotted  with  greenish-bro^rrn; 
there  is  a  large  grayish-brown  spot  at  the  tip,  mottled  with 
white,  and  another  towards  the  base  of  the  wing,  of  a 
darker  shade;  the  front  edge  is  mottled  with  grayish-brown; 
the  hind-wings  are  dusky. 

The  insect  has  as  yet  not  been  found  in  our  state,  but 
very  likely  it  has  been  over  looked.  It  can  be  kept  in  check 
by.  the  proper  use  of  Paris-green  or  London-purple  mixed  in 
the  proportion  of  one  teaspoonful  of  the  poison  to  two  gal- 
lons of  water.  Hand-picking  is  also  a  great  help,  and  most 
of  these  insects  can  be  gathered  while  still  in  their  burrows 
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ic^tip  of  the  twigs.  Wherever  the  spraying  of  orchards 
iticed  the  insect  can  not  become  very  numerous  and 
stive. 


THE  RASPBERRY  LEAF-ROLLER. 

(Exattema  permtindana  Clem . ) . 

is  insect  has  received  a  number  of  other  popular 
f  which  indicate  its  food  habits;  it  is  called  in  southern 
ngland  the  Hickory  Bxartema,  because  it  feeds  on  the 
of  the  hickory.  Prof.  Saunders  calls  it  the  Neat 
berry  Leafrolkr.  He  says:  "This  pernicious  little 
illar  appears  just  about  the  time  that  the  strawberry 
ms  are  opening,  and  delights  to  form  its  protecting 
J  drawing  the  flowers  and  flower-buds  together  into  a 
ball,  and  to  feast  upon  their  sub- 
.^^^  ^^      stance,    a  peculiarity    which  renders 

^^K^^iStt^  i^s  attacks  much  more  injurious  than 
K^BBj^  any  mere  consumption  of  leaves 
^  a  ^^^^  would  be.  The  larva  is  of  a  green 
"^     ^  color;  with  the  head  and  upper  part 

of  the  next  segment  black.  When 
full  grown  it  is  about  five-eighths  of 
an  inch  long,  is  very  active  in  its 
habits,  and  wriggles  itself  quickly 
■  its  hiding  place  when  disturbed.  Late  in  June  or 
in  July  it  changes  to  a  brown  chrysalis,  from  which 
jw  days  the  perfect  insect  escapes. 
'he  moth  which  is  shown  magnified  in  Fig.  221,  has 
c-wings  yellowish  or  greenish-brown,  varying  much  in 
of  color,  with  irregular  lighter  markings  crossing  the 
obliquely;  the  hind-wings  are  ashy-brown, 
^he  caterpillar  is  very  destructive  in  some  districts,  and 
apon  the  wild  strawberries  as  well  as  on  the  culti- 
varieties.*' 


.  —  Bxartcma  per- 
%am  Clen.    After 
Saanders. 
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Dr.  Packard  says  that  *'from  eggs  laid  the  previous 
autumn  on  the  twigs  of  hickories,  the  insect  being  probably 
double  brooded,  the  caterpillars  hatch  out  simultaneously 
with  the  opening  of  the  leaves  in  spring,  living  about  a  week 
or  ten  days  in  this  state  between  the  folded  leaves  or  rolling 
them  up  sideways  or  from  the  apex  to  the  base;  in  the  fold 
or  roll  thus  made,  which  it  lines  with  silk,  it  changes  to  a 
chrysalis,  remaining  about  a  fortnight  in  this  state  until  in 
the  third  week  in  June,  in  southern  New  England,  it  appears 
as  a  beautifully  marked  moth  flying  about  and  resting  on 
the  leaves." 

The  caterpillars  of  this  insect  are  rather  general  feeders, 
being  found,  besides  on  the  plants  already  mentioned,  upon 
the  Siberian  crabapple,  raspberry,  wild  and  cultivated  black- 
berry, hazel-nut  and  Spira?a, 


THE  CRANBERRY-WORM. 

(Rhopotota  vacciniana  Pack.). 

Wherever  this  insect  is  common  it  causes  great  injury  to 
the  foliage  of  the  cranberry  vines  and  on  that  account  is 
frequently  called  the  **fire-worm.*'  It  has  not  been  reported 
from  our  state,  but  doubtless  occurs  here.     The  moth  (Fig. 

222)  is  of  a    dark  ash-color;  the 

^^^^^T        ^^^g^^     fore- wings  are  whitish,  dusted  with 

^^K^^HU^^KKf     ^^o  wn  and  reddish  scales,  with  nar- 

^S^^^^^^^^^M      ^^^  white  bands  on  the  front  edge, 

^^^yjWB^y^        alternating  with  broader  yellow- 

^  ish-brown  bands,  five  of  which  are 

Fig.  222.-i?£iopotota  vac      larger  thaii  the  others,  and  from 

ciniana  Pack.  -,  -.      .  -  . 

tour  of  these,  distinct  but  irregular 
lines  cross  the  wings.  The  tips  of  the  fore-wings  are  dark- 
brown  and  very  pointed;  the  hind-wings  are  dusky  gray. 
In  the  cranberry  bogs  of  New  Jersey  they  are  very  numerous 
during  the  month  of  June,  when  eggs  for  a  second  generation 
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'posited,  the  caterpillars  of  which  appear  early  in  July, 
ided  by  the  perfect  insect,  which  deposits  the  eggs  that 
n  dormant  until  the  following  spring! 
caterpillar  is  green,  with  a  few  hairs  scattered  over 
irface  of  its  body.  Like  other  leaf  rollers,  it  feeds  upon 
mder  growing  shoots,  drawing  the  leaves  together, 
ling  them  with  silken  threads  .and  concealing  itself 
n  the  enclosure.  As  soon  as  full  grown  it  spins  a  slight 
•n,  either  among  the  leaves  on  the  vine  or  among  leaves 
ubbish  on  the  ground,  and  there  changes  to  the  pupal 
,  which  lasts  from  ten  to  twelve  days. 
U  cranberry  insects  can  be  largely  destroyed  by  flood- 
le  bogs  at  the  proper  time;  the  vines  should  be  kept 
'  water  for  two  or  three  days,  which  will  kill  all  insects 
ed  by  it.  Where  this  remedy  can  not  be  applied  we 
to  use  the  arsenical  poisons. 

THE  APPLE  LEAF-SEWER. 

{Phoxopteris  nubeculana  Clem.). 

his  oddly  marked  moth  (Fig.  223)  is  white,  with  brown 
ings.  It  deposits  its  eggs  in  June,  and  the  caterpillar 
nd  throughout  the  summer  and  autumn  on  apple  leaves. 


Pijf.  22S. ^Pboxopteria  nubeculana  Clem.    After  Riley. 

all  leaf-rollers  it  folds  the  leaves  together  so  that  the 
\  meet,  thus  forming  of  the  whole  leaf  a  hollow  case,  in- 
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side  of  which  it  hides  and  feeds.  The  caterpillar  is  greienish- 
yellow,  with  a  yellow  head  and  a  little  darker  homyccrrical- 
shield,  with  a  black  dot  on  each  side.  On  each  of  the 
remaining  segments  are  a  number  of  pale,  shining,  raised 
dots,  from  every  one  of  which  arises  a  single  hair.  As  soon 
as  the  worms  are  full  grown,  on  the  approach  of  winter, 
they  line  their  shelters  .with  silk  and  fall  with  the  leaf  to  the 
ground;  they  do  not  change  to  a  pupa,  which  is  yellowish- 
brown,  until  early  in  the  following  spring.  When  the 
enclosed  moth  is  ready  to  emerge  the  pupa  wriggles  its  way 
through  the  partly  decayed  case  and  thus  gives  the  moth  a 
chance  to  escape. 

This  insect  is  by  no  means  a  stranger  in  our  orchards 
and  nurseries  and  it  has  been  known  to  become  so  numerous 
as  to  seriously  injure  the  foliage  of  apple-trees.  The  burning 
of  all  leaves  and  other  rubbish  is  in  this  case  also  an  excel- 
lent remed}'. 

THE  STRAWBERRY  LEAF-ROLLER. 

{Pboxopteris  comptana  Froel.). 

This  is  the  Strawberry  Leaf-roller  par  excellence,  though 
other  leaf-rollers  also  attack  the  leaves  of  this  plknt.  This 
insect  is  sometimes  very  common,  causing  in  some  seasons 
considerable  damage  The  moth  appears  early  in  July;  it 
has  reddish-brown  fore-wings,  spotted  with  black  and 
white;  the  hind-wings  are  dusky,  the  head  and  thorax  red- 
dish-brown. It  measures  with  expanded  wings  nearly  half 
an  inch  across.  The  eggs  for  a  second  brood  are  deposited 
during  the  latter  part  of  July,  and  the  resulting  caterpillars 
are  full  grown  towards  the  end  of  September,,  when  they 
pupate.  The\^  hibernate  in  this  condition,  and  produce 
moths  the  following  spring. 

The  caterpillars  roll  the  leaves  into  cylindrical  cases, 
secured  by  threads  of  silk;  they  feed  inside  these  shelters  and 
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J  the  leaves  to  become  discolored  and  to  wither.  They 
I  a  length  of  about  one-third  of  an  inch,  and  vary  in 
from  yellowish-brown  to  dark-brown  and  green. 
•  heads  are  horny,  of  a  yellowish  color,  with  a  dark, 
ke  spot  on  each  side.  The  cervical-shield  is  colored  and 
tied  like  the  head;  oil  every  other  segment  area  few  pale 
from  each  of  which  arises  a  single  hair.  The  insect  is 
n  in  Fig.  224. 


Fig.  22^.— Pboxopteris  comptana  Frocl.    After  Sauoders. 

he  best  remedy  against  this  pest  is  to  mow  the  plants 
to  burn  them  as  soon  as  the  fruit  has  been  gathered, 
planting  we  should  be  careful  and  select  only  plants 
districts  not  infested  with  such  injurious  worms. 

THE  APPLE  BUD-MOTH. 


V', 


{Grapholitha  prunivora  Walsh). 

'his  insect,  which  infests  not  alone  the  apple,  but  also 
lum  and  cherry,  is  not  common  in  our  state,  and  it  is  a 

thing  for  our  fruit  growers  that  such  is  the  case,  as  it 
jecome  decidedly  destructive  by  eating  the  buds  of  ap- 
jefore  they  expand,  thus  causing  much  more  injury  than 

leaves  themselves  were  eaten.  The  larvae  of  this  insect 
ilso  the  bad  habit  of  feeding  inside  cherries,  which  usu- 
Irop  in  consequence. 
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THE  CODLING  MOTH. 

{Carpocapsa  pomonella  Linn.). 

It  may  seem  that  a  discussion /)f  this  insect  is  not  neces- 
sary since  it  has  received  such  very  extensive  attention  at 
different  times,  and  especially  within  the  last  few  years. 
The  discovery  of  a  method  of  protecting  orchards  from  their 
ravages,  however,  only  make  it  more  desirable  that  the  life- 
history  of  the  insect  should  be  known  in  order  that  the 
remedies  may  be  properly  applied. 

The  insect  is  double-brooded  in  most  of  the  apple-grow- 
ing regions.  The  adult  moth  issues  from  the  pupal  stage 
shortly  after  or  about  the  time  of  blossoming  of  the  fruit 
trees,  and  deposits  its  eggs  in  the  calyx  of  the  newly  forming 


Fig.  226. — Carpocapsa  pomonella  Lrinn.    After  Riley. 

apple.  It  has  been  shown,  however,  that  in  some  cases  the 
egg  may  be  deposited  elsewhere,  even  upon  leaves.  Soon 
after  hatching  the  larvae  enter  the  fruit  and  attain  their 
growth  within,  becoming  mature  about  the  first  of  July, 
when  they  leave  the  apple  and  seek  a  shelter  such  as  crevices 
in  the  bark  or  rubbish  on  the  ground  in  which  to  transform. 
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pass  through  the  pupal  state  in  about  two  weeks,  and 
loths  issuing  about  this  time  deposit  eggs  for  the  second 
d.  The  worms  developing  from  these  are  found  in  the 
md  early  winter.  Upon  leaving  the  apple  these  larvae 
their  cocoons  in  the  cracks  of  barrels  and  bins,  or  near 
s  where  the  apples  arc  stored. 

'he  most  successful  method  yet  found  of  destroying 
insects  consists  in  spraying  the  trees  with  a  poisonous 
ion  shortly  after  the  fall  of  the  apple  blossoms;  its  suc- 
lependsupon  the  poison  being  retained  within  thecaljrx 
t  apple  until  the  timeof  hatching  of  the  larva?,  and  upon 
obtaining  for  their  first  food  some  of  the  poison  thus 
ned.  For  this  spraying  London-purple  is  in  some 
cts  the  most  satisfactory  material  and  should  be  used 
crate  of  one  and  one-half  pounds  to  one  hundred  gal- 
of  water;  it  becomes  more  efficient  if  a  small  portion  of 
or  flour  has  been  mixed  with  it.  The  powder  should 
st  made  into  a  batter,  after  which  it  may  be  mixed  with 
all  quantity  of  water  required.  The  spraying  should  be 
with  a  force-pump  and  a  nozzle  which  will  give  a  fine 
that  will  settle  upon  all  parts  of  the  tree,  and  should  be 
nued  until  the  leaves  begin  to  drip.  Of  the  nozzles 
afactured  for  this  purpose  there  are  several  efficient 
s,  which  may  be  secured  from  manufacturers  or  through 
ware  dealers.  This  spraying  should  be  repeated  within 
''  days  if  there  has  been  a  shower  of  rain  and  it  is  con- 
ed wise  to  spray  a  second  time  eight  or  ten  days  later 
if  there  have  been  no  showers. 

has  been  determined  by  careful  experiment  that  nearly 
ity  per  cent,  of  the  fruit  that  would  otherwise  be  infest-^ 
n  be  kept  free  of  the  worms  by  the  use  of  this  method; 
:onsidering  its  cheapness  and  the  ease  with  which  it  can 
plied  even  in  large  orchards  it  isworthy  of  general  adop- 

^rof.  Saunders  in  * 'Insects  Injurious  to  Fruits,"  a  book 
should  be  in  the  hands  of  every  fruit-grower,  writes: 
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^*This  is  one  of  the  most  troublesome  insects  with  which 
fruit-growers   have  to  contend,  and   although  of  foreign 
V*  origin,  having  been  imported  from  Euroj)e  about  the  begin- 

ning of  the  present  century,  it  is  now  found  in  almost  all 
parts  of  North  America,  entailing  an  immense  yearly  loss 
«pon  apple-growers. 

**The  early  brood  of  moths  appear  on  the  wing  about 
the  time  of  the  opening  of  the  apple  blossoms,  when  the 
female  deposits  her  tiny  yellow  eggs  singly  in  the  calyx  or 
eye,  just  as  the  young  apple  is  forming;  in  a  few  instances 
they  have  been  observed  in  the  hollow  at  the  stalk  end,  and 
occasionally  on  the  smooth  surface  of  the  cheek  of  the  apple. 
In  about  a  week  the  egg  hatches,  and  the  tiny  worm  at  once 
begins  to  cut  through  the  apple  to  the  core.  Usually  its  cast- 
ings are  pushed  out  through  the  hole  by  which  it  has  entered, 
the  passage  being  enlarged  from  time  to  time  for  this  pur- 
pose. Some  of  the  castings  commonly  adhere  to  the  apple, 
hence  before  the  worm  is  full  grown  infested  fruit  may  gener- 
ally be  detected  by  the  mass  of  reddish-brown  exuviae  pro- 
truding from  the  eye.  Sometimes  as  the  larva  approaches 
maturity  it  eats  a  passage  through  the  apple  at  the  side,  as 
shown  in  the  figure,  and  out  of  this  opening  thrusts  its  cast- 
ings, and  through  it  the  larvae  when  full  grown  escape. 
The  head  and  upper  portion  of  the  firstsegment  of  the  young 
larva  are  usually  black,  but  as  it  approaches  maturity 
these  change  to  a  brown  color.  The  body  is  of  a  flesh-color, 
or  pinkish  tint,  more  highly  colored  on  the  back;  it  is  also 
sprinkled  with  minute,  elevated  points,  from  each  of  which 
arises  a  single  fine  hair. 

**In  three  or  four  weeks  from  the  time  of  hatching  the 
early  brood  of  larvae  attain  full  growth,  when  the  occupied 
apples  generally  fall  prematurelj-  to  the  ground,  sometimes 
w^ith  the  worm  in  them,  but  more  commonly  after  it  has 
escaped.  The  larvae,  which  leave  the  apples  while  still  or 
•  •  the  trees,  either  crawl  down  the  branches  to  the  trunk  o1 

the  tree,  or  let  themselves  down  to  the  ground  by  a  fine 
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thread,  which  they  spin  at  will.  In  either  case, 
er  they  crawl  tip  or  down,  the  greater  portion  ofthem 
eir  way  to  the  trunks  of  the  trees,  where,  under  the 
bark  and  in  cracks  and  crevices,  they  spin  their 
is. 

having  selected  a  suitable  hiding  place,  the  larva  con- 
5  a  papery -looking  silken  cocoon,  shown  in  the  figure^ . 
is  white  inside,  and  disguised  on  the  outside  by  at- 
g  to  the  silky  threads  small  fragments  of  the  bark  of 
e  or  other  available  debris.  After  the  cocoon  is  com* 
the  change  to  the  chrysalis  takes  place  in  the  early 
in  about  three  days.  At  first  the  pupa  is  of  a  pale 
color,  deepening  in  a  day  or  two  to  pale  brown;  the 
remains  in  this  condition  about  two  weeks,  when  the 
escapes. 

ach  moth  is  capable  of  laying  on  an  average  probably 
;s  than  fifty  eggs,  but  these  are  not  all  matured  at 
>y  careful  dissection  they  may  be  found  in  the  body  of 
th  in  different  stages  of  development.  Hence  they  are 
ted  successively,  extending  over  a  period  of  probably 
ne  to  two  weeks  or  more;  add  to  this  the  fact  that 
>f  the  moths  are  retarded  in  their  development  in  the 
,  and  it  is  easy  to  account  for  the  finding  of  larvae  of 
s  sizes  at  the  same  time;  indeed  sometimes  the  later 
ens  from  the  first  brood  will  not  have  escaped  from 
it  before  some  of  the  young  larvae  of  the  second  brood 
heir  appearance,  the  broods  thus,  as  it  were,  overlap- 
ich  other,  and  very  much  extending  the  period  for  the 
•ance  of  the  winged  insects. 

he  moth,  although  small,  is  a  beautiful  object.  The 
ings  are  marked  with  alternate  irregular,  transverse 
streaks  of  ash-gray  and  brown,  and  have  on  the  inner 
ngle  a  large,  tawny-browit  spot,  with  streaks  of  light 
:  or  copper  color,  nearly  in  the  form  of  a  horse  shoe;  at 
i  distance  they  resemble  watered  silk.  The  hind- wings 
)domen  are  of  a  light  yellowish-brown,  with  thelustre 
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of  satin.  The  moth  conceals  itself  during  the  day-time,  and 
appears  only  at  night,  and,  since  it  is  not  readily  attracted 
by  light,  is  seldom  seen.  The  second  brood  of  moths  are 
usually  on  the  wing  during  the  latter  half  of  July ,  when  they 
pair,  and  in  a  few  days  the  female  begins  to  deposit  her  eggs 
for  the  latter  brood  of  larvse,  generally  selecting  for  this  pur- 
pose the  later  apples.  These  larvae  mature  during  the 
autumn  or  early  winter  months;  if  they  escape  before  the 
fruit  is  gathered,  they  seek  some  sheltered  nook  under  the 
loose  bark  of  a  tree  or  other  convenient  hiding-place;  but  if 
carried  with  the  fruit  into  the  cellar,  they  may  often  be 
found  about  the  barrels  and  bins  in  which  it  is  stored;  a 
favorite  hiding-place  is  between  the  hoops  and  staves  of  the 
apple  barrels,  where  they  are  found  sometimes  by  hundreds. 
If  thus  provided  with  winter  quarters  and  through  negli- 
gence allowed  to  escape,  the  fruit  grower  must  expect  to 
suffer  increased  loss  from  his  want  of  care.  Having  fixed  on 
a  suitable  spot,  the  larva  spins  its  little  tough  cocoon,  firmly 
fastened  to  the  place  of  attachment  and  within  this  it  re- 
mains in  the  larval  state  until  early  the  following  spring, 
when  it  changes  to  a  brown  chrysalis,  and  shortly  after- 
wards the  moth  appears,  to  begin  the  v^ork  of  the  o(>ening 
season. 

**Besides  injuring  the  apple,  it  is  very  destructive  to  the 
pear;  it  is  also  found  on  the  wild  crab,  and  occasionally  on 
the  plum  and  peach.  Sometimes  two  larvse  will  be  found  in 
the  same  fruit. 

^'Remedies— One  of  the  most  effective  methods  yet  de- 
vised for  reducing  the  numbers  of  this  insect  is  to  trap  the 
larvae  and  chrysalids  and  destroy  them.  This  is  best  done 
by  applying  bands  around  the  trunks  of  the  trees  about  six 
inches  in  width;  strip  of  old  sacking,  carpet,  cloth,  or  fabric 
of  any  kind  will  serve  the  purpose,  and  although  not  so 
durable,  many  use  common  brown  paper.  Whatever  mate- 
rial is  used  it  should  be  wound  entirely  round  the  tree  once 
or  twice  and  fastened  with  a  string  or  tack.    Within  such 
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>sures  the  larvae  hide  and  transform.  The  bands  should 
pplied  not  later  than  the  1st  of  June,  and  visited  every 
t  or  ten  days  until  the  last  of  August,  each  time  taken 
nd  examined,  and  all  the  vs^orms  and  chrysalids  found 
tr  them  destroyed;  they  should  also  be  visited  once  after 
crop  is  secured.  §ome  persons  prefer  to  use  narrower 
is,  not  more  than  four  inches  wide,  and  fasten  them 
I  a  tack,  while  others  secure  them  in  their  place  by 
ily  tucking  the  end  under.  Usually  the  cocoons  under  the 
lages  are  parti}'  attached  to*  the  tree  and  partly  to  the 
iage,  so  that  when  the  latter  is  removed  the  cocoon  is 

asunder,  when  it  often  happens  that  the  larva  or  chry- 
;  will  fall  to  the  ground,  and  if  it  escape  notice  may  there 
plete  its  transformations.  Wide  mouthed  bottles  partly 
I  with  sweetened  water,  and  hung  in  the  trees,  have  been 
mmended  as  traps  for  the  codling  Inoth,  but  there  is  no 
ence  that  any  appreciable  benefit  has  ever  been  derived 
I  their  use.    A  l^rge  number  of  moths  can  be  captured  in 

manner,  but  it  is  rare  to  find  a  codling  moth  among 
a.  Neither  is  the  plan  of  lighting  fires  in  the  orchard  of 
h  avail,  since  codling  moths  are  rarely  attracted  by 
t.  Spraying  the  trees  soon  after  the  fruit  has  set,  and 
le  it  is  still  in  an  upright  position,  with  a  mixture  of 
is-green  and  water  in  the  proportion  of  a  teaspoonful  to 
lilful  of  water,  will  deter  the  moths  from  placing  their 
J  on  the  apples,  and  thus  protect  much  of  the  fruit  from 

"The  fallen  fruit  should  be  promptly  gathered  and 
:royed.  It  has  been  recommended  that  hogs  be  kept  in 
orchard  for  the  -purpose  of  devouring  such  fruit,  and 
ire  they  can  be  so  kept  without  injury  to  the  trees  or 
er  crops  they  will  no  doubt  prove  useful. 
"This  insect,  while  in  the  larval  state,  is  so  protected 
bin  the  apple  that  it  enjoys  great  immunity  from  insect 
nies.  Nevertheless  it  is  occasionally  reached  by  the  ever 
chful  Ichneumons,  two  species  of  which  are  known  to 
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occur  as  parasites  within  the  bodies  of  the  larvae.  They 
have  been  bred  by  Mr.  C.  V.  Riley,  who  describes  them  in  his 
fifth  Missouri  Report.  One,  is  a  small  black  fly,  from  one- 
fourth  to  one-half  inch  in  length ;  its  legs  are  reddish,  the 
hind  pair  having  a  broad  white  ring.  .It  is  called  the  Ring- 
legged  Pimpla,  Pimpla  annvlipes  Br.  The  other  species  is 
about  the  same  size,  but  more  slender,  and  of  a  yellowish  or 
brownish  color.  The  female  is  provided  with  a  long  ovi- 
positor. This  species  is  known  as  the  Delicate  Longsting, 
Macrocentrus  delicatus  Cresson,  These  useful  insect  friends 
are  not  yet  sufliciently  numerous  to  check  materially  the 
increase  of  the  codling  moth,  and  it  is  doubtful  if  they  ever 
will  be.  When  the  codling  worm  has  left  the  fruit  in  which 
it  has  been  feeding,  and  while  wandering  about  in  search  of 
a  suitable  spot  in  which  to  pass  its  chrysalis  state,  it  is  lia- 
ble to  be  attacked  by  any  of  the  Ground-beetles,  (Carabidas), 
both  in  their  larval  and  their  perfect  state;  also  by  the  larva 
of  Soldier-beetles  and  other  carnivorous  insects.  Some  of 
the  smaller  insectivorous  birds  are  also  said  to  devour  this 
insect  both  in  the  larval  and  in  the  pupal  condition.*' 

THE  EYE-SPOTTED  BUD-MOTH. 

{Tmetocera  ocellana  Schiff.). 

This  is  also  a  very  destructive  insect,  the  larva  of  which 
eats  into  the  opening  bud  of  the  apple,  plum,  cherry,  black- 
berry and  other  plants.  According  to  Prof.  Fernald,  who 
gave  a  full  account  of  the  life-history  of  this  insect:  "the 
moths  pair  and  the  female  lays  her  eggs,  when  in  confine- 
ment, in  clusters  of  from  four  to  ten  or  eleven,  often  over- 
lapping each  other.  They  are  oval,  flattened,  four-fifths  of 
a  millimeter  long,  and  half  as  wide,  sordid  white,  with  a 
narrow  border  of  clear  transparent  white,  while  the  center 
of  the  eggs  is  one  complete  mass  of  minute  granules.  In 
about  three  days  the  center  of  the  egg  has  grown  darker  and 
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granules  larger,  and  on  either  side  there  is  a  clear,  white, 
il  space  about  one-third*the  length  of  the  egg.  In  about 
o  days  more  the  outer  edge  of  the  center  is  of  the  same 
or  as  in  the  last  stage,  and  inside  this  is  a  narrow,  lighter 
id,  while  in  the  center  is  seen  the  form  of  a  cylindrical 
va  larger  at  one  end,  and  both  ends  slightly  curved 
vards  each  other;  and  in  one  or  two  days  more  the  whole 
m  of  the  larva  is  visible,  the  head,  thoracic  and  anal 
eld  being  black.  The  egg  stage  lasts  from  eight  to  eleven 
j:s. 

"When  the  young  larva  hatches  it  does  not  eat  the  shell 

the  egg,  but  goes  on  to  the  tenderest  leaves,  and  almost 

mediately  begins  spinning  a  microscopic   layer  of  silk, 

der  which  it  eats  the  outer  layer  or  epidermis  of  the  leaf. 

e  larva  is  then  about  three  millimeters  in  length,  of  a 

creamy- white  color,  with  head,  thoracic 

_    ^  ^  and  anal  shields  blackish-brown,  and  a  few 

^■■u^  minute  pale  hairs  on  the  body;  the  head 

^^^^  is  very  large  for  the  rest  of  the  body.    In 

a  week  the  larva  is  nearly  four  millimeters 

long,  light  yellowish-brown,  with  the  head, 

thoracic  and  anal  shields  dark-brown,  and 

it  eats  minute  holes  through  the  leaf,  its 

ten  web  now  being  visible  to  the  naked  eye.    The  larva 

idually  becomes  a  trifle  more  brownish,  increases  in  size 

d  enlarges  its  web  alongthe  side  of  the  midrib. 

"Late  in  fall  the  silken  web  is  quite  heavy  and  thick, 
d  the  larva  deposits  its  excrements  in  little  black  pellets 
the  form  of  a  tube  under  the  web,  within  which  it  hiber- 
tes  during  the  winter.  Not  unfrequently  two  leaves  are 
tened  together  by  the  silk  of  the  web  and  sometimes  a 
f  is  secured  to  a  branch  of  the  tree  in  the  same  manner. 
"About  the  first  of  May  the  larva  measures  seven  milli- 
ters when  resting,  and  eight  when  in  motion.  It  is 
indrical  in  form,  with  the  head  dark  brown  and  of  medium 
s.    The  body  is  dark  yellowish-brown,  and   the   head* 
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thoracic  and  anal  shields  very  dark,  polished  brown.  There 
are  ten  lighter  brown  protuberances  on  each  segment, 
from  each  of  which  arises  one  f^ale  hair.  On  the  upper 
surface  of  the  ninth  segment  is  seen  the  double  undeveloped 
reproductive  organ  of  a  light  brown  color.  The  legs  are 
dark  brown  and  the  prolegs  yellowish-brown.  About  the 
first  of  June  the  larva  is  from  ten  to  twdve  millimeters  in 
length,  and  the  body  has  changed  to  a  cinnamon-rufous 
color.  From  the  middle  to  the  last  of  June  it  curls  or  draws 
together  several  leaves  which  it  lines  with  silk,  and  in  which 
it  transforms  to  a  pupa. 

'*The  pupa  is  seven  millimeters  long,  brownish-yellow, 
tapering  from  the  head  to  the  posterior  end,  with  the  wing- 
cases  dark-brown.  There  are  two  rows  of  dark-brown 
spines  pointing  backwards,  across  each  abdominal  segment. 
The  spiracles  and  anal  segment  are  dark-brown.  It  remains 
in  the  pupa  stage  about  two  weeks  and  then  the  moth 
emerges. 

**For  some  years  past,  I  have  observed  the  habits  of  this 
insect,  and  have  been  able  to  carry  it  through  its  transfor- 
mations. The  moths  emerge  between  the  last  of  June  and 
the  middle  of  July,  though  belated  specimens  €u-e  sometimes 
taken  on  the  wing  as  late  as  the  middle  of  August,  and  one 
was  taken  at  this  place  August  25th,  1889. 

**The  fore- wings  expand  about  three-fifths  of  an  inch. 
The  head,  thorax,  and  basal  third  of  the  fore- Wings,  and  also 
the  outer  edge  and  fringe  are  dark  ash-gray,  the  middle  of 
the  fore-wings  is  cream-white,  marked  more  or  less  with 
costal  streaks.  Just  before  the  anal  angle  are  two  short, 
horizontal,  black  dashes  followed  by  a  vertical  streak  of 
lead-blue,  and  there  are  three  or  four  similar  black  dashes 
before  the  apex,  also  followed  by  a  streak  of  lead-blue. 

**The  hind-wings  above  and  below  the  abdomen  are 
ashy-gray.  The  underside  of  the  fore-wings  is  darker,  and 
has  a  series  of  light,  costal  streaks  on  the  outer  part. 

**To  destroy  these  caterpillars,  it  is  desirable  to  gather 
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the  leaves  from  under  the  infested  trees  hi  the  fall  and 
m  them,  and  also  to  shower  the  trees  with  one  pound  of 
ris-green  in  one  hundred  and  fifty  gallons  of  water,  in  the 
•ing  when  the  buds  first  begin  to  swell." 

Besides  the  Tortricidse  thus  far  described  there  are  many 
lers  that  are  fond  of  the  leaves  of  our  cultivated  fruits, 
t  as  all  are  similar  in  their  modes  of  life,  etc.,  it  is  not  nec- 
ary  to  mention  them,  especially  as  the  remedies  that  can 
applied  are  also  about  the  same. 

SUPER-FAMILY  TINEINA  OR  TINEIDS. 

Tineids  are  all  very  minute  moths,  with  narrow  wings, 
•dered  by  wide  fringes;  only  a  few  possess  broader  wings 
:h  narrow  fringes.  They  are  often  very  beautiful,  their 
igs  being  covered  with  scales  that  shine  like  silver  and . 
d,  but  their  small  size  make  it  necessary  to  examine  them 
:h  a  lens  to  appreciate  their  beauty.  Their  larvae  feed  us- 
ly  upon  x>r  within  the  leaves  of  plants;  others  thrive 
thin  nuts,  seeds  and  dried  fruits;  still  others  eat  dead  ani- 
1  matter,  as  woolens,  fur  and  feathers;  while  a  few  are 
daceous,  destroying  scale-insects.  Many  species  of  such 
ths  occur  in  the  United  States  and  nearly  one  thousand 
ds  have  already  been  described.  The  work  of  most  of  the 
ling  species  is  very  characteristic,  and  it  seems  that  each 
t  infests  only  a  particular  species  of  plant,  in  the  leaf  of 
ich  it  makes  a  mine  of  definite  shape,  by  means  of  which 
expert  can  determine  the  species  that  made  it.  There  are 
r  leaves  in  late  summer  and  autumn  that  do  not  show  the 
les  of  diflFerent  kinds  of  Tineids.  When  we  study  such 
aes  we  find  that  the  little  larvse  of  the  Tineids  live  until 
I  grown  between  the  two  skins  of  a  leaf,  deriving  their 
arishment  firom  the  green  parenchyma. 
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THE  PALMER  WORM. 


{Ypsolopbus  pomotellus  Harr.). 


'm 


.J 


Pig.   22S.— Ypsolopbus 
pomotellus  Harr. 
After  Pitch. 


According  to  Fitch  this  insect  is  in  the  state  ol  New  York 
more  or  less  common  every  year,  making  its  appearance 
towards  the  middle  of  June.  In  some  years  it  becomes  very 
numerous,  and  as  it  is  a  very  general  feeder  the  green  foliage 
of  the  trees  infested  can  in  a  single  day  change  to  a  withered 
brown  hue,  as  if  scorched  by  fire.  As  long  as  the  worms  are 
still  young  they  eat  only  the  green  liulpy  tissues  of  the  leaf, 
leaving  its  net  work  of  veins  entire, 
but  as  they  become  larger  they  con- 
sume the  whole  of  the  leaf  except  the 
coarse  veins.  The  young  and  tender 
leaves  which  grow  at  or  near  the 
tips,  are  preferred;  the  older  and 
tougher  ones  are  simplj''  eaten  at 
their  tip  ends,  or  haVe  irregular 
holes  of  various  sizes  gnawed  in 
them,  some  of  these  holes  not  being  larger  than  a  puncture 
made  with  a  pin.  The  green  and  soft  ends  of  twigs  are 
also  eaten.  They  enjoy  eating  either  round  holes  or  large 
irregular  cavities  into  young  apples,  which  soon  afterwards 
wilt  and  drop  to  the  ground. 

The  caterpillars  vary  greatly  in  color.  When  full  grown 
they  measure  almost  half  an  inch  in  length,  and  are  com- 
monly pale-green  or  yellowish-green;  along  each  side  of 
the  back  is  a  dusky  stripe  and  above  this  a  faint, 
whitish  one,  and  on  the  middle  of  the  back  is  another  dusky 
stripe  between  the  white  ones.  There  are  also  several  small 
black  spots,  arranged  symmetrically,  and  each  yielding  a  fine 
hair;  the  polished  head  is  yellow.  These  caterpillars  change 
to  pale  tawny -yellow  pupae  in  the  same  tuft  of  leaves  in 
which  they  resided ;  they  make  but  a  very  slight  cocoon. 
The  moths  also  vary  greatly  in  coloration  but  the  usual 
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>lor  is  ash-gray ;  the  fore-wings  are  sprinkled  more  or  less 
ith  black  scales,  and  have  on  the  apical  edge  at  the  base  of 
le  fringe  six  to  seven  equidistant  black  dots.  On  the  disk 
•e  also  four  larger  black  or  brown  dots,  two  before  and 
v^o  behind  the  middle,  the  latter  nearer  together  than  the 
rmer.    The  moth  is  shown  in  Fig.  228. 

There  are  two  other  species  of  Palmer  Worms,  both 
und  occasionally  in  our  orchards.  These  are  the  Com- 
ide  Plum  Worm  {Ypsolophus  contubernalellus  Fitch),  and 
le  Striped  Palmer  Worm  ( Y.  malifoliellus  Fitch). 

In  case  these  worms  should  become  numerous  they  can 
J  successively  combatted  by  spraying  the  trees  with  any  of 
le  arsenical  poisons ;  they  are  also  readily  dislodged  by  the 
«  of  whale-oil  soap  diluted  with  water. 

THE  STRAWBERRY  ROOT-BORER. 

I 

{Anarsia  lineatella  Zell.). 

This  insect  is  not  found  alone  on  the  strawberry  plant. 
It  is  also  very  destructive  to  the  twigs  of  a  number  of 
ees.  In  the  Eastern  States  it  has  the  bad  habit  of  boring 
to  the  tender  twigs  of  the  peach  tree,  killing  the  terminal 
ids,  and  in  the  western  states  it  invades  the  young  plum 
ees  in  a  similar  way.  In  Europe  it  is  also  destructive  to 
le  peach.  It  is  an  insect  that  can  become  very  destructive 
)  the  strawberry  plants.  Its  caterpillar  is  only  about  half 
1  inch  long,  reddish-pink,  fading  into  dull  yellow  on  the 
cond  and  third  segments;  the  cervical-shield  is  smooth, 
>my,  and  of  the  same  brownish-yellow  color  as  the  head, 
few  shining  and  reddish  dots  are  found  on  each  segment, 
om  each  of  which  rises  a  single,  fine,  yellowish  hair.  The 
ider  surface  of  the  worm  is  paler.  It  bores  irregular  ch  an- 
ils through  the  crown  of  the  plant,  sometimes  excavating 
rge  chambers;  at  other  times  it  tunnels  it  in  various 
rections.    If  we  examine  such  cavites  or  tunnels  in  spring 
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we  will  find  in  them  a  small,  soft  and  silky  case,  almost  filled 
with  castings,  which  no  doubt  was  the  hibernating  quarters 
of  the  worm.  The  caterpillars  mature  early  in  June,  and 
transform  into  small  reddish-brown  pupae,  either  inside  the 
cavity  of  the  crown  of  the  plant  or  outside  among  decayed 
leaves  or  other  rubbish. 

The  moth  appears  early  in  July;  it  is  quite  small,  of  a 
dark  e:ray  color,  with  a  few  blackish-brown  spots  or  streaks 
on  the  fore-wings ;  the  fringes  on  all  wings  are  gray,  tinged 
with  yellow.    Towards  the  end  of  July 
or  early  in  August  this  moth  deposits 
on  the  crown  of  the  plant  an  egg  which 
soon  hatches.  The  small  worm  burrows 
at  once  into  the  heart  of  the  plant,  and 
after  making  a  snug  silken  home  it  re- 
treats  into   it   for   the   winter.     Both 
worm  and  adult  are  shown  in  Fig.  229. 
Many  remedies  have  been  proposed, 

Fig.  229.— Aaania  line-  -^  .  .  |.  , 

ateiiA  zcii.  After  but  the  onlv  Certain  one  is  to  die  up  the 

Saunders.  ^  -^  or 

infested  plants  and  to  burn  them.  If 
they  infest  trees  these  should  be  clipped  as  soon  as  the 
insects  are  discovered  and  the  parts  removed  should  also  be 
burned. 

It  seems  more  than  doubtful  that  the  same  insect  should 
possess  such  different  habits  as  eating  into  twigs  of  trees 
and  boring  into  the  crowns  of  strawberries,  and  closer 
investigation  is  needed  to  decide  this  question.  Perhaps 
two  species  of  insects  resembling  each  other  very  closely 
cause  these  damages. 


WILD  CHERRY  LEAF-MINER. 

( Ornix  gemina  tella  Pack . ) . 

The  larva  of  this  moth  makes  also  a  tentiform  mine  on 
the  under  surface  of  the  apple  leaves,  eating  the  parenchyma^ 
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i  forming  a  pupa  at  the  edge  of  the  turned  up  leaf  in  a 
ten  cocoon.  The  cylindrical  larva  reaches  a  length  of 
out  one-fourth  df  an  inch;  it  is  grayish,  with  a  light 
)wn  head  and  a  light  yellow  first  thoracic  segment.  On 
i  dorsal  surface  of  the  rest  of  the  body  are  four  longi- 


Pig.  230.— Oro/x  gezninatella  Pack.     After  Comstock. 

iinal  rows  of  white  elevations,  each  segment  having  at  or 
ar  its  middle  one  of  these  elevations  in  each  row.  Two 
lilarrows  of  elevations  are  found  on  each  side  of  the 
•va,  and  from  each  of  these  elevations  arises  a  very  long 
ir.  Upon  the  back  of  the  head  are  found  conspicuous  black 
ots;  upon  the  cervical-shield  are  also  larger  black  spots; 
e  true  legs  are  black  on  their  outside  while  the  inside  is 
ayish.    As  soon  as  full  grown  the  larva  leaves  the  mine 
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through  a  small  circular  hole  at  one  end,  and  folds  the  edge 
oi"  the  leaf  over  itself  by  means  of  silken  threads  and  forms 
in  this  shelter  a  delicate  silken  cocoon.  Here  it  changes  to  a 
pupa  and  hibernates.    The  pupa  is  bro^^nish-yellow. 

The  moth  is  dark  steel-gray,  almost  brown.  .  The 
thorax  and  fore-wings  are  steel-gray,  the  latter  with  about 
nine  faint,  whitish,  costal  streaks,  the  first  near  the  base 
and  the  last  at  the  apex ;  all  are  faintly  dark  margined  in- 
ternally; the  last  three  or  four  are  nearly  perpendicular  to 
the  costal  margin,  crossing  the  wing  and  uniting  near  the 
dorsal  margin,  where  they  are  narrow  and  indistinct.  There 
is  also  a  small  black  apical  spot,  behind  which  are  three 
dark  hinder  marginal  lines  in  the  fringes;  a  second  one 
is  at  the  middle,  and  a  third  at  the  apex  and  the  first  at  the 
base  of  the  fringes.  The  one  at  the  base  of  the  fringes  be- 
comes furcate  in  the  dorsal  fringes.  The  wings  expand  about 
one-third  of  an  inch.  All  the  states  of  this  insect  are 
shown  in  Fig.  230. 

THE  APPLE  TREE  CASE-BEARER. 

( Coleophora  malivorella  Ril . ) . 

These  interesting  insects  are  found  from  time  to  time  in^ 
large  numbers  on  the  twigs  of  apple  trees.  They  make  curi- 
ous pistol-shaped  cases*,  which  on  examination  will  reveal 
the  little  architect  inside ;  it  is  a  minute  larva  of  a  pale-yel- 
low color,  with  a  faint  rosy  tint,  a  black  head,  and  a  few 
short  hairs  on  its  body.  The  cases,  which  the  caterpillars 
carry  always  with  them,  are  very  tough,  almost  horn-like, 
and  form  a  very  safe  protecting  shelter.  When  at  rest  the 
caterpillars  hoist  these  cases  in  the  air,  as  shown  in  the 
illustration.  Fig.  231,  a.  Similar  cases  are  quite  common  on 
the  white-oak.  As  soon  as  the  buds  of  the  apple-trees  com- 
mence to  swell  these  cases  are  found  sticking  to  their  out- 
side, while  the  active  little  caterpillar  is  busily  engaged  in 
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oying  the  tender  leaves  enclosed  in  them.  Many  fruit- 
are  thus  destroyed,  and  nothing  but  their  hollow  shells 
in.  Later  in  the  season  these  active  insects  leave  the 
J  and  fasten  their  cases  to  leaves,  from  which  they  eat 
reen  pulp,  so  that  nothing  remains  but  a  mere  skeleton, 
after  changing  late  in  June  to  pupae  the  moths  appear, 


231. — Coleophora.  maUvorella  Ril.     From  Div.  of  Entomology,  Dcp.  of 
Agriculture. 

1  deposit  eggs,  from  which  in  the  same  season  a  new 
I  of  caterpillars  hatches,  which  feed  on  the  under  side 
e  leaves  until  the  frost  drives  them  to  the  twngs,  to 
1  they  fasten  very  securely  their  little  cases, 
he  minute  moth,  measuring  a  little  more  than  half  an 
icross  the  wings,  has  brown  wings  with  white  scales ; 
jad  and  thorax  is  white,  the  abdomen  whitish,  and  all 
3tted  with  brown  scales. 


GRAPE-VINE  LEAF  MINERS. 


{Antispilla  spec). 


here  are  a  number  of  mines  found  in  the  leaves  of  the 
and  cultivated  grape-vines,  as  well  as  in  the  closely 
id  Virginia-creepers.     The  minute  caterpillars  which 
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make  these  mines,  form  peculiar  silken  cases  in  which  they 
pupate,  and  as  these  cases  are  of  different  shapes  they  arc 
evidently  made  by  different  insects.  A  number  of  moths 
have  b^en  described  which  make  these  mines;  they  are: 
Antispilla  viticordifoliella  Clem.,  A,  ampeliopsiella  Cham., 
and  A.  Isabella.  These  moths  are  very  much  smaller  than 
their  names,  and  do  not  occur  in  sufficient  numbers  to  cause 
any  serious  injury.  They  are  frequently  parasitized,  not- 
withstanding their  apparently  perfect  protection  by  leaf  and 
silky  cocoon. 

THE  SPOTTED  TENTIFORM  MINE  OF  THE  APPLE. 

{Litbocolletis  crataegella  Clem.). 

The  caterpillar  ol  this  insect  makes  on  the  under  side  of 
an  apple  leaf  a  tentiform  mine,  which  has  the  upper  surface 


Pig.  2a2.-'Litboconctis  cratwgella  Clem.    After  Comstock. 

spotted  and  honey-combed.     When  we  open  such  a  mine 
early  in  September  we  discover  in  it  a  yellowish  larva  of  a 
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Jrical  form,  with  a  very  long  head,  which  is  wedge- 
^d,  quite  pointed  and  bilobed.  The  peculiar  shape  of 
arva  is  shown  in  the  illustration,  Fig.  232.  It  pupates 
e  end  of  the  mine  in  a  loose  silken  covering, 
he  moth  has  golden-brown  fore- wings  with  white 
ks  and  spots.  The  face  and  lower  side  of  antennae  are 
•y  white.  There  is  a  black  apical  spot.  It  exps^nds 
three  to  five-sixteenths  of  an  inch. 


m 
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THE  PEAR  AND  APPLE-TREE  LEAF-MINER. 


{Lithocolletis getninatella  Pack.). 

imong  the  numerous  insects  that  mine  the  leaves  of  our 
*  this  insect  becomes  sometimes  quite  numerous,  and 
lotched  and  disfigured  foliage  plainly  indicates  its  pres- 
The  worm  is  a  very  small  being,  of  a  pale  reddish 
•,  with  a  black  head  and  cervical-shield.  As  a  general 
it  draws  two  leaves  together,  and  unites  them  by  means 
rong  silken  fibres ;  at  other  times  it  folds  up  a  single 
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Pig.  2BS.—Lithocolletia  geminmtcUa  Pack.    After  Saunders. 

During  Apgust  the  larva  changes  to  a  very  long  and 
ler  pupa  within  the  mine,  and  soon  afterwards  the  per- 
insect  appears,  which  deposits  the  eggs  for  another 
d,  which  winters  in  the  larval  or  pupal  state  inside  the 
;s.  They  can  be  materially  reduced  in  numbers  by 
ering  all  the  fallen  leaves  and  by  burning  them.  (Fig. 
I. 

CJie  moth  expands  about  one-third  of  an  inch  across  the 
js.    The  fore-wings  are  dark-gray,  with  a  round  black- 
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ish  spot  on  the  middle  of  the  inner  edge  of  the  wing;  there  is 
also  an  eye-like  spot  on  the  outer  edge,  with  a  black  pupil. 

Other  species  of  LithocoUetis  also  mine  in  the  foliage  of 
the  apple. 

THE  APPLE  LYONETIA. 

{Lyonetia  saccatella  Pack.). 

This  is  a  very  minute  and  beautiful  moth,  measuring 
scarcely  one-fifth  of  an  inch  across  the  expanded  wings.  It 
is  not  common,  but  some  are  found  in  early  summer.  Its 
wings  are  of  a  light  slate-gray  color  on  the  basal  half,  while 
the  outer  half  is  bright  orange,  enclosing  two  white  bands, 
one  arising  on  the  front  edge, the  other  on  the  inner  margin, 
both  nearly  meeting  in  the  middle  of  the  wing ;  these  white 
bands  are  margined  externally  with  black;  there  is  also  a 
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Pig.  234.— jLjonet/a  aaccRtellR  Pack.    After  Satinders. 

conspicuous  black  spot  near  the  fringe,  from  which  arises  a 
pencil  of  black  hairs. 

According  to  Saunders  the  small  flattened  and  green 
larva  feeds  on  apple  leaves;  it  constructs  from  the  skin  of 
the  leaf  an  oval  and  flattened  case  which  forms  its  house. 
This  case  is  open  at  each  end,  and  is  drawn  about  b3^  the 
insect  as  it  moves  from  place  to  place.  When  the  insect 
reaches  its  full  size  it  attaches  this  case  or  bag  to  the  bark 
of  the  tree  on  which  it  had  been  feeding,  transforms  to  a 
pupa,  in  which  condition  it  passes  the  winter,  giving  forth 
the  moth  in  the  following  spring.  The  insect  is  shown  in 
Fig.  234.^ 


Digitized  by  VjOOQIC 


^A. 


TINEIDS.  315 

THE  APPLE-LEAF  BUCCULATRIX. 

{Bucculatrix  pomifoliella  Clem.). 

le  larvae  of  this  minute  moth  live  exposed  on  the  foli- 
'the  appl^  trees.  They  are  very  active  and  as  soon  as 
bed  let  themselves  down  from  the  leaf  by  means  of  a 
thread.  They  reach  a  length  of  about  half  an  inch 
ave  dark  yellowish-green  bodies,  the  anterior  portion 
I  with  reddish;  their  heads  are  brown  and  a  few  short 
are  scattered  over  the  surface  of  their  bodies.    As  soon 


Fig.  285.— Bucca/atr/x  pomifoliella  Clem.    After  Riley. 

1  grown  they  spin  an  elongated  whitish  cocoon  at- 
i  to  the  twig  on  the  leaves  of  which  they  had  been 
g.  The  cocoon  is  ribbed  longitudinally;  inside  of  it  the 
)illar  changes  to  a  brown  pupa.  A  second  brood  ap- 
late  in  autumn,  the  insect  hibernating  in  the  pupal 
In  the  following  spring  the  moths  appear  which 
it  the  eggs  for  the  first  brood  of  caterpillars  abounding 
le. 

le  moth  is  a  very  delicate  being,  of  a  whitish  color, 
I  with  paJe-yellow  and  dusted  with  brown.  On  the 
e  of  the  inner  margin  of  the  fore-wings  is  a  large  oval 
of  dark  brown,  forming  when  the  wings  are  closed  a 
icuous  nearly  round  spot;  there  is  also  a  wide  streak  of 
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the  same  color  opposite,  extending  to  the  front  margin,  and 
a  dark  brown  spot  near  the  tip. 

As  this  insect  appears  sometimes  in  very  large  numbers, 
coating  the  tWigs  with  glistening  white  eocoons,  it  can  be- 
come injurious,  but  as  the  very  conspicuous  cocoons  can  be 
seen  very  plainly  during  late  autumn,  winter  and  early 
spring  there  is  ample  opportunity  to  destroy  them.  Any 
oily  or  alkaline  liquid  brushed  over  them  will  soak  into  the 
cocoons  and  /destroy  the  hibernating  insects.  Sometimes 
the  great  majority  of  these  insects  are  destroyed  by  a  very 
minute  hymenopterous  parasite,  as  is  shown  by  the  small 
round  holes  at  one  end  of  the  cocoons  through  which  our 
tiny  friends  have  escaped.    The  insect  is  shown  in  ♦Fig.  235. 

THE  APPLE-LEAF  MINEIU 

( Tiscberia  malifoliella  Clem . ) . 

This  common  insecit  lives  as  a  larva  within  the  leaf  of 
the  apple,  in  a  mine  made  between  the  upper  and  lowerskin, 
where  it  eats  the  soft  tissues.  The  mine  commences  as  a 
slender  white  line,  broadening  as  the  larva  grows  larger, 
and  at  last  becoming  an  irregular  brownish-patch,  which 
extends  sometimes  to  or  over  the  starting  point.  The  in- 
habitant of  this  mine  is  a  pale-green  caterpillar  with  a 
brown  head  and  first  segment.  When  full  grown  it  draws 
the  leaf  into  a  fold,  and  in  this  enclosure,  which  is  nicely  car- 
peted with  silk,  it  changes  to  a  pupa.  As  this  change  takes 
place  in  autumn  the  snugly  enclosed .  insects  drop  with  the 
dead  leaves,  and  remain  in  them  until  the  following  May, 
when  they  give  forth  the  moths.  This  is  a  very  minute  being, 
measuring  not  much  more  than  a  quarter  of  an  inch  across 
the  expanded  wings.  The  fore-wings  are  of  a  shining  dark 
brown,  suffused  with  a  tinge  of  purple,  and  slightly  dusted 
with  dull  yellowish  atoms;  the  hind  wings  are  gray. 

Besides  the  common  apple  this  caterpillar  mines  in  the 
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Pig.  236.— TVtfc/ftfWa  mulifoIicJJa  Clem.    After  Comstock. 

s  of  the  crab-apple,  of  the  blackberry  and  the  rasp- 
',  but  is  not  found  in  sufficient  numbers  to  do  any  mate- 
tijury.    It  is  illustrated  in  Fig.  236. 

THE  RESPLENDENT  SHIELD-BEARER. 

{Aspidisca  splendoriferella  Clem.). 

'his  interesting  insect  is  sometimes  found  in  Minnesota, 
hus  far  only  in  very  limited  numbers.  Its  life-history  is 
known.  The  minute  but  very  beautiful  moth  is  found 
n  May;  it  has  a  golden  head;  the  antennae  are  brown, 
d  with  gold;  the  fore-wings  from  the  base  to  the  middle 
►f  a  leaden-gray  with  a  metallic  lustre,  and  from  the 
le  to  the  tip  golden;  a  broad  silvery  streak  extends  from 
•ont  edge  to  about  the  middle,  margined  with  a  dark 
on  both  sides;  there  are  also  other  streaks  and  spots 
very  or  dark  brown.  The  hind- wings  are  of  a  rich  deep 
>  margined  with  a  long  yellowish-brown  fringe.    These 
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beautiftil  creatures  enjoy  the  sunshine,  and  are  frequently 
found  running  about  the  surface  of  the  apple  leaves;  during 
these  afctive  movements,  which  almost  look  like  dancing, 
they  have  their  wings  closely  folded  to  the  body,  as  if  afraid 
their  fine  dresses  might  become  soiled.  They  deposit  their 
eggs  on  the  apple  leaves,  and  the  y^oung  larva  as  soon  as 
hatched  penetrates  to  the  interior  of  the  leaf,  where  it  forms 
a  mine,  leaving  both  surfaces  of  the  leaf  intact,  but  forming 


Fig.  237. — Aapidisca  splendorifcrelJa  Clem.    From  Div.  of  Bntomology,  l>cp.  of 

Agricalture. 

after  a  time  an  irregular  dark  colored  blotch  upon  the  leaf 
The  peculiar  looking  larva,  which  is  like  all  leaf-mining  larvc 
quite  flat,  is  about  one-eighth  of  an  inch  long,  and  of  i 
yellowish-brown  color,  with  a  dark  head.     As  the   tim< 
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es  in  which  it  has  to  transform  to  a  pupa,  it  constructs 
parts  of  the  leafy  blotch  a  neat  little  case,  and  craw- 
with  it  to  a  twig  it  fastens  the  case  securely  to  it.  It 
contracts  inside  this  shelter  and  finally  transforms  to  a 
.  The  different  states  of  this  little  beauty  are  shown  in 
237. 

here  are  two  annual  broods,  the  latter  hibernating  in 
ttle  houses  just  mentioned. 

'hough  so  very  small  the  insect  can  increase  very  rapid- 
numbers  and  become  injurious  to  our  apple  trees.  If 
happens  the  cocoons,  which  can  readily  be  detected, 
Id  be  removed  or  should  be  soaked  with  an  alkaline 
I  or  a  mixture  of  sulphur  and  lime.  This  mixture, 
b  is  also  good  for  various  otherinsects,  is  made  by  mix- 
ve  pounds  of  fresh  lime  with  one  pound  of  sulphur  and 
gallons  of  water,  and  heating  until  the  sulphur  is  dis- 
id. 

THE  BLACKBERRY  LEAF-MINER. 

{Nepticula  rubifoliella  Zell.). 

*his  is  a  minute  species  the  adult  of  which  is  described  as 
ws:  Head  dark  luteous.  Palpi  somewhat  paler  lute- 
Antennae  luteous,  basal  joint  silvery  white.  Fore- 
;s  blackish-brown,  with  a  rather  narrow,  curved,  silvery 
[  about  the  middle  of  the  wing.  The  band  is  concave 
ird  the  base  of  the  wing  and  shows  a  tendency  to  be  in- 
ipted  in  the  middle.  Fringes  wbitisl\.  Hind-wings 
ish,  fringes  the  same. 

)f  the  larva  Dr.  Clemens  makes  the  following  statement: 
I  larva  mines  the  leaf  of  the  blackberry  in  September, 
akes  a  blotch  mine  on  the  upper  surface  of  the  leaf,  be- 
ing as  a  slender  gallery,  extending  quite  a  distance, 
lly  along  a  vein  of  a  leaf  before  being  enlarged  into  a 
rh.    The  body  of  the  larva  tapers  posteriorly,  the  ter- 


if  I- 

•  -•■.■':»  .'.  ..  i 


.  ! 


I 

! 

) 


if^ 


• .  •  •* 


Digitized  by  VjOOQIC 


;4: 
H 


320  TINEroS. 

minal  rings  being  attenuated;  color  pale-green  with  a  bright 
dark-green  vascular  line;  head  greenish-brown  and  small. 
The  larva  was  not  taken  from  the  mine  for  description.  It 
leaves  the  mine  very  early  in.  October  to  spin  an  oval,  very 
dark  reddish- brown  cocoon  and  appears  as  an  imago  during 
the  latter  part  of  May  or  early  in  June.  There  is  therefore, 
in  all  probability,  a  summer  brood,  which  may  be  found  in 
July  and  August,  if  the  conjecture  is  correct." 

THE  CASE-BBAKING  BLACKBEERY  LEAF-MINER. 

{Nepticula  villosella  Clem.). 

{•  The  larvae  of  this  species  occur  in  the  leaves  of  the  black- 

berry during  the  latter  part  of  June  to  the  middle  of  July. 
The  mine  is  very  narrow,  only' about  wide  enough  to  accotn- 
tj  modate  the  miner,  tortuous,  with  a  central  frass  line.     The 

f*  larva  is  pale  brownish,  and  leaves  the  mine  during  thelat- 

^'^  ter  part  of  July.    It  differs  from  the  above  insect  both  in  the 

1  shape  of  the  mine  and  in  the  color  of  the  larva. 

f  As  is  usual  when  a  leaf-mining  larva  has  attained  a  cer- 

tain age  it  cuts  out  the  two  skins  of  the  mined  place  and 
^  constructs  of  it  a  portable  case,  which  it  never  abandons 

T  subsequently,  except  to  construct  a  new  one  when  its  in- 

I  crease  in  growth  demands  such  a  change.     In  feeding  the 

larva  attaches  its  case  to  a  leaf,  and  bores  into  it  between 
its  skins,  eating  out  a  transparent  patch,  extending  its  body 
from  the  case  for  this  purpose,  but  quickly  retreats  into  it 
again  if  alarme,d. 
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Parasitic  Insects  dcfftroying  caterpillars  and  pupa?.    Prom  Gartenlaulx. 
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Fig.  4. — DanaiB  arcbippua  Fab. 

Pig.  a.^-Limenitia  diaippaa  Gdt. 

Fig.  2,^Marmopterj gibbicoatatmt  walk.,  resembling  bark. 
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Fig.  17.— Grapta  comma  Harr.,  showing  two  butterflies,  caterpillar 
and  empty  chrysalis. 
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FIG. 
24, 


.  21. — Llmenitis  artfaemia  Dru. 
.  22. — Limenltis  nrsula  Pab. 


Piff.  23.— Thecla  tittia  Fab. 
FiR.  24.— Thecla  calantis  Hub. 
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IG.  27. 


FIG.  29. 
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Fig.  27.—PapiIio  tumas  Linn. 

Fig.  29.— EucTaimis  tit  jus  Fab.,  both  Bides. 
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Fig.  30.— Hemaris  thysbc  Fab. 

Pig.  32.— T/fjTcos  i46/>oty/ Swains,  and  larva. 

Fig.  37. ^Deitepbila  galii  var  chamxnerii  Harr. 

Acronjcta  caterpillar  on  leaf  of  plum. 
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PIG.  43. 


PIG.  36. 


PIG. 48. 


PIG. 51. 


Fiff.  43. — Ampelophaga  myron  Cram,  and  pupa. 
Fi^.  Se.—Denepbilm  Hneata  Fab.  and  larva. 

Pig.  ^^.^Spbiox  drupiferarum  S.  ^fc  A.  j 

Fig.  51,— Sphinx g^ordius  Cram.  OOQlC 


Plate  VII. 
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Pig.  89.^PbUampelus  acbemon  Dm.,  laiva. 
Pig.  ^O.—Philampelaa  acbemon  Dm. 
Piif.  42. — Philampclaa  pandoms  Hbn. 
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PIG, 
63. 


FIG. 
64. 


FIG.  164. 


FIG.  169. 


FIG.  211. 


FIG. 
67. 


PCG.  212. 


FIG. 
132. 


Fig.    63.— Paon/as  excascatas  S.  &  A. 
Fig.    64. — PaoniasmjropsS.  &  A. 
Pig.     66. — Smcrinthus gemiaatus  S&Y. 
Fig.    67.— Crr«»Oii/a  jaglandis  S.  &  A. 
Fig.  132.^HemiJeuca  maia  Drury. 


FIG.  21. 
Fig.  164.— Chamjrfs  ceriatba  Tr. 
Fig.  1 69. —iVo/apAana  walana  Pitch. 
Fig.  211. — Caccccia  roaaceana  Harr. 
Fig.  212.— Caccccia  cerasivoraaa  Pitch. 
[Fig  214.— Cacccc/a  argyrospila  Walk. 
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'IG.  62. 


FIG.72,:6. 


FIG.72,d 


Pig.  60. — Roots  of  platii  tree  infested  with  borers. 
Fiff.  62.— Scs/a  tipuliformis  Linn. 
^ig.  72,  m,  HarrisimB  americana  Harr.;  b.  Scepsis  tulr/coIUs  Hbn.;  c,  Ctcnucha 
rirginica  Charp.;  d,  Hypoprepia  fucosa  Hbn. 
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FIG. 
66. 


FIG. 
70,  d. 


FIG. 
L70,  b. 
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Fig.  66. — Aljrpia  S-macuIata,  Hbn.,  three  motfas;  and  Bndrjaa 
grata  Fab.,  one  moth. 
Fi|;.  70,  a,  Alypia  S-maculata  Hbo.;  b,  Psycbomorpba  epimenia  Dm.;  c,  BatMryas 
grata  Fab.;  d,  Badrjaa  unio  Fab. 
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PIG.  76. 
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Pig.  64. — Aljpia  octomaculata  Hbn.,  catcrpillArs,  and  one  parasitized 

larva  of  Spiloaoma  rirginica  Fab. 

Fi«.  le.—Pjrrbarctia  Isabella  S.  &  A. 

Pig.  77. — Leucarctia  acrssa  Dm.,  male  and  female. 
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FIG. 
74-,  a. 


FIG. 
74,  /j. 


FIG. 
74,  c. 


FIG..105. 


Fig.  68  —H t/r/rva A  jfrata  Fab  ,  caterpillar. 
Fig-  T4. — a.  CaUiinorpha  lulvicosta;  b  and  c,  Cont|i 
Fig.  105. — Datana  ministra. 


I ;  b  and  c,  Cont^glia  WalkT 
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Pig.  123. — Attacus  cccropia  Linn.,  reduced  in  size. 
Fig.  126. — Telea  polyphcmu*  Linn.,  reduced  in  size. 
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FIG. 124 


FIG.  110. 


FIG.  199- 


Fig.  124. — Parasitited  caterpillars  of  Attacus  cecropia  Lian. 

PiR.  110. — CHdcinasia  concinna,  S.  &  A.,  caterpillar. 
Fig.  199. — Petrophora  diverallincata  Hub.,  moth  at  rest. 
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Plate  XV. 


FIG.  128. 


FIG.  65. 

"Fig.  128. — Actias  luna  Linn.,  reduced. 
Pig.  66. — Smerinthns  gcminatns  Say.,  caterpillar. 
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Plate  XVI. 


FIG. 
129. 


Fig.  129. — Hyperchiria  lo  I, Ion.,  male  aod  female. 

Fig.  151. — Thyatira  script  a  Gosse. 

Fig,  187. — Caterva  catena ria  Cram.,  and  pupa  in  cocoon. 
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Plate  XVII. 


FiK.  137. — Caterpillar  of  Clisiocampa  americana  Harr. 
Fig.  140. — Moths,  pupa  and  cocoons  of  Clisiocampa  distria  Utxb. 
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Plate  XVIII. 


PIG.   138. 


^P^:^ 


FIG.    181. 


Pig.  138 
Tig.  181.— Sixformt 


Clhiocampa  americanu  Harr.,  tent. 
of  piAsticti9  ^AviKtT^  ~     ' 
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FIG.  142. 
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PIG.  114.. 


KIG.  115. 
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FIG.  113.  FIG.  121. 

H- — Clisiocampa  riistria  Hub.,  larvic  crowding  together:  greatly  reduced. 
^2.—Cll8iocampadistria  Hub. .empty  skins  oi  young  caterpillars:  natural  size. 
i^.Scbizura  ipomew  Doubl.  Fig.  115,— Schfzura  ipoweie  Doubl.,  larva. 

LS. — Scbizara  unicornis  S.  8c  A.     Fig.  121.— Cerwra  bnrenlis  Bdv. 
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FIO     14.3 


FIG.  95. 


'ig.  143.— Clisiocanipa  distria  Hub.,  caterpilM?*,^^^ 
FiK,  95.— Slug:  caterpillars  on  6^ile«ifty  VjV^V^ 
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FIG.  87. 


FIG.  88. 


FIG.  90. 
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Fijf.  83  — Halesidota  tesselata  S.  &  A.,  caterpillar. 
i.— Haleaidota  caryse  Harr.  Fig.  87.— Orgyia  leacostipnia  S.  &  A. 

S.— Haleaidota  tnaculata  Harr.  Fig.  88.— Parorgyia  parallela  G.  &  R. 

S.— Halesidota  tcssdata  S.  &  A.  Fig.  90.— Lagoa  criapata  Pack. 
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K     I'TG.  79. 


FIG.  92. 


FIG.  96. 


FiK.  79. — Hyphantria  cunea  Orury.  tent.  Fig.  94, — Euclea  psentilata  Clem. 

Fig.  92. — Parasa  chloris  H.  Sch..  caterpillar.      Fig.  96, — Adoneta  spinaloides  H.  S. 
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I'IG.   170^. 


FIG.  173. 


%4/tS 


FIG.  160. 


FIG. 
170. 


Fig.  14-4. — Tent  caterpillars  just  hatched;  also  e^jg  mass. 
Fig.  166. — Larvse  of  Gortyna  nitela  Gu.,  in  stems  of  currant  and  grape  vine. 

Fig.  170^2.— Scopelosomn  sidus  Gu.  ninitizpd  hv 
Fig.  nS.'-Xjlina  Bethunei  G.  &  R.  uigmzea  oy 
_Fig^  160.— Carocades  sea ndcns  Ril.     J 
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FIG. 
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FIG. 
175. 


FIG. 
147. 


FIG. 
149. 
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Fig.  147.— Tolype  vellcda  Stoll.,  and  open  cocoon.         Fig.  176.— C«tocala  Mrvn^m  Cram- 
Fig.  149.— Gastropacha americana  Harr.  Fig.  177,— IZatoaBAa ktsdm^m^m^ 
Fig.  175,-Catocala  ultronia  aJSflitized  tT^^^^S  i^'**^«*™ia 
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WHEAT. 
VARIETIES,  BREEDING,  CULTIVATION. 


WILLBT  M.  HAYS  AND  ANDkBW  BOSS. 

Minnesota's  large  annual  wheat  sales;  the  superior  quality  of 

wheat  grown  in  the  Northwest,  early  designated  "No.  i 
rd  f  the  wonderful  flour  milling  industry  which  has  developed 
he  state ;  the  business  of  wheat  and  flour  transportation ;  and 
growing  of  this  cereal, — ^place  this  crop  among  our  largest 
Tests.  Dairying  and  general  stock  farming  should  and  will 
idly  replace  special  wheat  farming.      But  since  the  rotation 

fertilizing  of  the  fields  which  come  with  the  keeping  of 
lestic  animals  provides  the  best  soil  conditions  for  wheat,  that 
p  is  destined  to  continue  as  an  important  factor  on  most  of  ' 

farms,  and  our  wheat  interest  will  doubtless  increase  rather 
1  decline.  The  yields  of  wheat  under  continuous  wheat  crop- 
%,  when  the  rich  character  of  our  soils  is  considered,  are  ridicu- 
>ly  low.  The  experiment  station  has  under  way  extensive 
eriments  in  rotating,  pasturing,  manuring,  and  cultivating 
Is  to  learn  how  best  to  prepare  them  for  crops  of  g^in.  Many 
hese  tests  have  already  been  under  way  for  five  years.  While 
>t  of  these  experiments  are  not  yet  completed,  but  will  be 
Drted  in  later  bulletins,  results  already  reached  warrant  the 
ement  that  the  average  yields  per  acre  of  wheat  can  be  in- 
ised  25  to  50  per  cent,  by  so  rotating  the  crops  and  manuring 

cultivating  the  fields  best  to  prepare  the  soil  for  this 
in. 

Text  in  importance  to  preparing  the  field  for  the  crop  of  wheat 
he  choice  of  those  varieties  and  strains  which  will  yield  the 
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greatest  value  per  acre  to  the  farmer,  and  will  best  uphold  and 
improve  the  value  of  the  flour  made  by  our  mills,  and  will  besi 
serve  as  human  food.  This  bulletin  is  devoted  mainly  to  th< 
work  of  securing  better  varieties ;  the  testing  of  varieties  in  th< 
field  and  in  the  mill,  in  the  bake-room  and  in  the  laboratory ;  anc 
the  improvement  of  wheats  by  breeding.  Plant  breeding  is  ir 
its  infancy,  and  plans  for  extensively  and  scientifically  breeding 
this  crop  had  to  be  devised  rather  than  copied.  It  is  believed  thai 
varieties  materially  improved  in  yield  are  evidence  that  the  plan! 
in  use  are  so  designed  tfiat  increased  yields  of  wheat  will  resul 
from  the  new  wheats  being  evolved  and  disseminated  in  the  vari 
ous  counties  throughout  the  state.  The  evidence  certainly  i: 
good  that  better  farming  will  add  several  bushels  per  acre  to  oui 
yields  of  wheat,  and  that  improved  varieties  will  add  in  additioi 
at  least  several  pecks  per  acre. 


COLLECTING  AND  TESTING  VARIETIES  OF  WHEAT 


In  1888,  the  first  year  after  the  Minnesota  Experiment  Statioi 
was  established,  efforts  were  begun  to  find  the  varieties  of  whea 
best  adapted  to  this  state.  The  chief  points  in  mind  were  to  se 
cure  kinds  of  wheat  which  would  yield  the  largest  profits  per  acr 
for  the  farmer,  would  supply  our  flour  mills  with  wheat  of  super 
ior  quality,  and  would  be  the  most  nourishing  and  valuable  as  hu 
man  food. 

In  1888  and  1889  D.  N.  Harper  and  W.  M.  Hays  collected  fron 
various  sources  about  200  varieties,  or  samples,  of  wheat.  Th 
best  wheats  grown  in  Minnesota  were  secured,  and  numerous  va 
rieties  were  obtained  from  other  states.  A  large  number  were  als- 
secured  through  American  consuls  in  Russia,  Hungary  and  othe 
European  countries,  experiment  stations,  grain  merchants,  an( 
persons  in  Canada.    Most  of  the  varieties  were  spring  wheats. 

Chemical  analyses  w^re  made  of  many  of  these  samples  by  Proi 
D.  N.  Harper,  then  station  chemist,  "to  determine  whether  any  0 
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•ieties  were  superior  to  our  own."  These  analyses  showed 
mgarian  and  many  of  the  Russian  wheats  to  be  of  great' 
but  none  were  more  valuable  than  our  Fife  and  Blue  Stem. 
Dugh  the  courtesy  of  Senator  S.  A.  March,  of  Minneapolis, 
ger  number,  of  these  ^vdieats  were^jfarated  on  the  "March 
raiding  Farm,"  in  1890,  at  Warren,  in  the  Red  River 
,  near  the  northwestern  comer  of  the  state.  The  small 
ts  available  of  most  samples  necessitated  the  use  of  plots  so 
hat  it  was  impracticable  to  make  tests  or  even  close  estim- 
the  yields  of  the  different  wheats,  though  the  planting  and 
ting  were  carefully  done,  and  notes  were  taken  on  each  kind 
at.  Some  proved  to  be  winter  wheats.  A  large  number  de- 
i  inferior  plants,  or  g^in  of  such  poor  quality  that  they 
t  once  discarded.  The  general  results  proved  that  our  own 
varieties  are  superior  to  any  of  the  foreign  ones.  Some  of 
ssian  seeds  yielded  grain  of  apparently  as  goodqualityas  our 
nd  these  varieties  were  tested  further.  The  Russian  samples 
lostly  of  mixed  varieties  of  bearded  and  beardless  wheats, 
icient  seed  was  secured  of  75  of  the  better  varieties  that  a 
:re  plot  of  each  was  planted  in  1891  in  the  southeastern  part 
Red  River  Valley,  at  Glyndon.  These  wheats  proved  to  be 
^  of  the  Fife  type  from  Minnesota  and  Russian  samples.  At 
m,  fair  yields  of  grain  of  good  quality  were  obtained  of 
oi  these  wheats.  The  yields,  however,  were  not  fully  com- 
e,  and  have  not  since  been  used  in  the  summaries  of  compar- 
ields.  In  1892  part  of  these  wheats  were  grown  at  Univer- 
irm,  St.  Anthony  Park,  but  the  crop  was  so  unsatisfactory 
e  yields  were  not  recorded.  In  1892  and  1893  ^  ^^^^  of  ^^o 
es  of  wheat  were  grown  at  Fargo,  N.  D.,  the  larger  number 
ch  were  those  originally  collected  by  the  Minnesota  station, 
destruction  by  fire  of  the  Minnesota  station  ofBce  building 
fall  of  1890,  the  correspondence  relating  to  these  varieties 
at  and  the  laboratory  book  containing  their  source,  names, 
es  and  other  facts  concerning  them,  were  burned.  The 
marking  each  variety  bore  only  the  laboratory  serial  num- 
ogether  with  the  numbers  of  the  respective  plots,  and  thus 
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a  lot  of  wheats  without  names  or  records  of  source,  kind  or  quality 
were  in  hand.  While  this  was  a  serious  misfortune,  it  led  to  the 
more  careful  inquiry  into  the  real  merits  of  each  variety.  In  1891. 
records  of  each  variety  were  kept  by  using  the  name  of  the  town, 
Glyndon,  and  our  original  laboratory  entry  number,  e.  g.,  Glyndon 
811,  and  these  numbers  finally  became  our  names  for  these  wheats. 

During  the  years  1892  to  1898,  inclusive,  various  other  varieties 
were  collected  from  the  states  and  countries  above  mentioned 
Many  new  varieties  were  also  secured  from  New  South  Wales, 
Australia,  and  a  large  number  were  originated  at  this  station  by  se- 
lection, and  also  by  crossing  and  selection.  The  total  number  ol 
wheats  having  been  under  trial  up  to  the  present  time  is  5Sa 
Many  of  the  collected  wheats  were  discarded  after  a  single  tria 
in  the  crop  garden.  Not  in  all  cases  have  the  seasons  and  the  soil! 
been  such  as  to  give  yields  which  it  has  seemed  wise  to  use  in  tab 
ulating  and  summarizing.  Discarding  the  results  of  such  yeari 
and  places  as  gave  yields  which  were  not  fairly  comparable,  w( 
yet  have  about  a  dozen  which  can  fairly  be  averaged  for  compar 
ison. 

The  expense  of  all  these  trials  has  been  large.  It  was  not  fore 
seen  that  so  many  trials,  covering  such  a  long  period  of  years,  an( 
such  a  variety  of  soils,  localities  and  climatic  conditions,  would  b 
necessary.  Looking  backward,  it  can  be  seen  that  simple  millinj 
tests  would  have  assisted  early  in  the  trials  in  throwing  out  som 
varieties  of  average  yield,  and  of  a  quality  too  poor  to  be  desirabk 
But  on  the  whole  this  patient  deliberation  seems  to  have  been  th 
only  safe  method. 

The  immense  financial  considerations  at  stake  certainly  warrar 
that  sufficient  care  and  expense  be  incurred  to  enable  the  state  t 
know  which  are  its  best  varieties  of  wheat,  and  to  find  and  dii 
tribute  them  to  the  farmers  of  the  state. 

WHERE  THE  TESTS  FOR  YIELD  WERE  MADE. 

At  the  North  Dakota  Experiment  Station  most  satisfactoi 
comparisons  were  made  of  these  varieties  in  1892  and  1893. 

A  sufficient  number  of  trials  had  then  been  made  to  warrant 
comparison  and  many  of  those  yielding  poorly,  and  those  of  pcx 
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ty  were  discarded.  In  1895,  1896,  1897  and  1898  these 
ts  were  planted  at  University  Farm  and  at  North  Dakota 
jriment  Station,  and  from  year  to  year  the  poorer  varieties 
discarded  at  each  station.  In  1897  and  1898  the  best  van- 
remaining  were  also  grown  at  Northwest  Experiment  Farm, 
kston,  Minn.,  and  at  Northeast  Experiment  Farm,  Grand 
ds,  Minn.  The  trials  at  these  stations  will  be  specially  report- 
)on  in  another  bulletin.  In  1898  the  South  Dakota  and  Iowa 
ms  also  grew  a  few  of  the  best  varieties. 

METHOD  OF  MAKING  THE  FIELD  TESTS. 

e  methods  used  in  testing  the  varieties  have  been  improved 


9 


Fig.  239.    Plowing  for  Variety  Tests  of  Wheat. 

L  from  year  to  year.  Originally  it  cost  about  three  dollars  per 
to  plant,  harvest  and  thresh  carefully  each  plot  containing  1-20 
10  of  an  acre.  With  the  addition  of  specially  chosen  seeding 
harvesting  machinery,  with  specially  constructed  threshing 
lines  and  other  handy  arrangements,  including  a  portable  gas- 
t  threshing  engine  at  University  Farm,  the  cost  has  been  fe- 
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dticed  to  one-half  the  former  amount.  An  important  factor  in 
successfully  carrying  on  these  field  trials  has  been  the  excellent 
character  and  the  loyal  interest  of  the  M^orkmen  and  students  who 
have  performed  the  manual  labor. 

THE  PREPARATION  OF  THE  LAND. 

The  land  of  the  Minnesota  experiment  farms  is  platted  into 
series  eight  rods  wide  and  as  long  as  the  field  is  wide,  usually  about 
forty  rods.  The  plots  run  across  the  series,  and  are  one  or  two 
rods  wide,  and  contain  1-20  or  i-io  of  an  acre.  The  rotation  of 
crops  for  a  few  years  previous  is  so  managed  as  to  prepare  the  land 
for  the  wheat.  Light  applications  of  rotted  barnyard  manure  are 
made  to  some  crops,  as  com,  roots  or  millet,  one  or  two  years  pre- 
vious to  using  the  land  for  tests  of  small  grains,  but  no  concentrat- 
ed fertilizers  are  used.  The  frequency  of  the  manuring  is  deter- 
mined by  the  needs  of  the  land.  The  manure  is  not  applied  so  fre- 
quently that  when  wheat  is  grown  in  a  moist  year  it  will  lodge 
badly.  The  land  is  kept  in  that  state  of  fertility  which  is  practica- 
ble on  all  our  better  farms. 

In  preparing  for  variety  tests  of  wheat,  grass  land  is  fall-plowed, 
or  if  following  a  cultivated  crop,  as  corn  or  potatoes,  the  seed  bed 
is  made  mellow  by  means  of  the  disk  harrow.  The  common  drag 
or  "Tower's  Pulverizer"  is  used  in  making  the  surface  fine  and 
even. 

THE  SOIL. 

The  soil  and  subsoil  at  University  Farm  are  medium  in  texture, 
with  clay  and  sand  mixed  in  such  proportion  that  rainfall  is  ab- 
sorbed rather  freely  and  to  a  good  depth,  and  is  conserved  quite 
well  in  seasons  of  drouth.  At  a  depth  of  five  to  six  feet  the  sub- 
soil is  gravel  and  sand,  giving  excellent  underdrainage,  but  in 
times  of  drouth  making  the  land  less  able  to  supply  water  to  crops 
than  if  there  were  clay  or  mixed  subsoil  to  a  greater  depth. 

The  soils  used  in  the  Red  River  Valley,  at  Glyndon,  Euclid,  Far- 
go and  Crookston  are  the  rich,  peculiar  clay  soils  characteristic  of 
this  noted  wheat  region.  The  soil  used  at  Northeast  Farm  is  a 
sandy  loam,  new,  and  sufficiently  full  of  available  fertility  and 
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iture  to  produce  fair  crops  of  wheat.  At  these  farms  the  soils 
far  more  uniform  than  at  many  experiment  stations  where  the 
^enness  of  the  land  m^kes  variety  testing  very  unsatisfactory 
ven  impracticable. 

THE  METHOD  OF  PLANTINa 

jfiicient  thoroughly  cleaned  seed  of  each  variety  is  weighed 
to  plant  somewhat  more  than  the  respective  plots.  A  shoe 
8J  ft.  wide  is  used,  thus  sowing  a  rod  in  width  each  time  the 
I  passes  twice  over  the  plot.  See  Fig.  240.  When  the  plot  is 
1  the  seeds  remaining  in  the  cups  in  the  bottom  of  the  drill  are 
>ved  as  cleanly  as  may  be  with  the  hands.  The  operator  then 
rs  out,  by  means  of  a  rubber  tube,  every  remaining  seed.  It 
jcessary  to  have  sufficient  seed  in  the  drill  box  to  prevent  the 
e-feeding  device  from  running  so  nearly  empty  that  it  will 
t  seeds  thinly  on  the  latter  portion  of  the  plot.  An  alley  two 
wide  is  left  between  each  two  plots  of  grain.  This  places  the 
Bties  only  two  feet  apart,  but  as  wheat  is  nearly  always  close 
lized, — ^the  pistil  of  a  given  flower  being  pollenized  from  an- 
s  of  the  same  flower, — there  is  but  little  cross  breeding  of  vari- 
;.  The  weeds  are  hoed  out  of  these  alleys  a  few  times  in  the 
er  growing  season. 

CARE  OF  GRAIN  FROM  SEED-TIME  TO  HARVEST. 

othing  is  done  with  these  plots  before  they  ripen  unless  some 
sional  rank-growing  or  dangerous  weeds  need  removing.    In 

of  a  newly  secured  variety  the  plot  is  gone  over  between  the 
:  the  grain  is  headed  and  before  it  is  fully  ripened,  and  all  plants 
of  that  variety  are  removed.  Many  of  the  Russian  wheats, 
L  of  the  earlier  and  of  recent  importations,  are  very  badly  mix- 

These  wheats  are  the  best  samples  of  the  commercial 
ats  of  the  foreign  markets.  Many  of  them  were  made  up  of 
to  four  kinds  of  wheat,  distinct  as  to  color  of  chaff,  length  of 
ds,  color  and  form  of  berry,  etc.  In  some  cases  no  one  wheat 
been  in  the  majority,  and  a  small  plot  has  been  utilized  from 
di  to  select  one  or  more  prominent  types  for  further  trial. 
^ethod  of  Harvesting  Variety  Test  Plots, — ^Where  the  relative 
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carliness  of  the  varieties  has  been  learned  by  previous  trials  in  the 
garden  or  field  tests,  the  varieties  are  planted  in  order  of  earliness. 
This  allows  the  self-binder  to  be  started  at  one  end  of  the  series, 
and  each  plot  is  cut  as  it  ripens.  The  cutting  is  all  done  in  one  di- 
rection. One  or  two  men  assist  the  driver  and  carefully  clean  the 
machine  upon  finishing  each  plot.  They  also  carefully  gather  the 
bundles  and  any  loose  grain  of  each  plot  into  shocks,  beside  which 
they  place  the  labeled  stake  of  the  plot. 


II) 


Fig.  24-0.     Seeding  the  Variety  Plots  with  Shoe-chain  Drill. 


If 

||t» 


The  Method  of  Threshing  Varieties  of  Wheat. — As  soon  as  the 
grain  has  become  well  dried  in  the  shock  it  is  threshed.  Much 
care  is  given  to  cleaning  w^agon  racks  between  each  load,  handling 
the  bundles  at  the  threshing  machine  and  caring  for  the  threshed 
grain  to  prevent  the  mixture  of  the  different  varieties. 

A  Victory  separator,  which  cleans  itself  so  thoroughly  that 
stopping  between  plots  to  sweep  out  the  machine  has  not  been 
necessary,  was  secured  from  the  Minneapolis  Threshing  Machine 
Co.  See  Fig.  242.  This  make  of  machine  was  selected  as  being  the 
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isiest  of  the  numerous  kinds  examined  to  make  over  into  a  sep- 
■ator  for  this  sort  of  work.  The  firm  cheerfully  made  changes 
>  suggested,  so  that  the  maphine  would  shake  out  clean  by  running 
two  or  thtee  minutes  after  the  last  bundle  was  fed  into  the  cyl- 
ider.  After  stopping  the  feeding  of  bundles,  a  pail  is  held  under 
le  discharge  spout  of  the  elevator  which  brings  the  tailings  back 
)  the  cylinder,  thus  stopping  the  feeding  of  all  grain  into  the  ma- 
line  that  it  may  be  shaken  out  clean. 

A  Trial  of  the  Threshing  Machine  in  Doing  Clean  Work. — In 
$97  several  beardless  varieties  known  to  be  without  admixture  of 
warded  wheats  were  threshed,  each  one  immediately  after  a 
arded  variety  had  been  run  through  the  machine.  In  1898  these 
iardless  varieties  were  sown,  and  notes  were  made  at  harvest  time 
r  the  percentage  of  bearded  heads  showing  in  each.  There  were 
ractically  no  bearded  heads  in  any  of  the  three  plots  of  beardless 
heats,  thus  proving  that  this  threshing  machine,  when  properly 
lanaged,  separates  the  varieties  perfectly. 


Note: — Numbers  Used  for  Names.  The  loss  of  the  names  of  many  of  the  varie- 
;8,  some  of  which  were  similar  to  one  another  in  appearance,  led  us  to  the  adop- 
on  of  numbers  for  all  names.  We  were  further  led  to  this  course  by  the  fact  that 
;w  varieties  were  constantly  originating,  manj^  of  which  were  in  appearance  ex- 
rt  counterparts  of  the  varieties  from  which  "they  had  sprung.  We  therefore 
lopted  in  lieu  of  all  names  the  words  "Minnesota  K'umber'*  and  our  Variety  his- 
»ry  Book  number,  commouly  abbreviated  and  written  "Minn.  No.  149,"  "Minn. 
0.  66,"  etc.  This  plan  contemplates  Vising  names  of  wheats  only  as  names  of 
asses  or  types.  It  is*  impossible  to  gi\'c  a  description  of  some  of" our  new  best 
elding  wheats  by  which  farmers  or  even  experts  can  Identify  them.  Some  differ 
ily  in  their  ability  to  j-ield  better,  others  only  in  the  superiority  of  their  flour. 
tiese  characters  of  intrinsic  value  arc  the  qualities  we  are  seeking.  The  profits  of 
heat  raising  do  not  dtpend  upon  the  distinj^ntshing  botanicnl  characters  oi  the 
herit  If  our  wheat  crop  can  be  incren-cd  -"c  bushel  per  acre  by  seeking  only  for 
eld  of  crop  and  quality  of  flour,  all  names  and  peculiar  botanical  descriptions 
ill  appear  relatively  as  exec  dingly  small  factors.  Systematists  in  botany,  and 
rrd  book  promoters  in  animal  breeding,  divert  the  attention  of  breeders  too  much 
om  intrinsic  quality  to  mere  distinguishing  marks.  This  system  of  naming  with 
ere  numbers  has  been  used  for  several  years  with  most  satisfactory  results, 
ith  such  a  system  of  names  the  effort  is  directed  more  to  actually  knowing  that 
le  seed  came  from  the  original  stock  which  gained  a  reputation  for  superior  merit 

producing  wealth,  and  it  is  believed  there  will  be  less  temptation  for  dealers  to 
ibstitute  stocks  and  sell  them  under  a  popular  name.  This  is  especially  true  of 
trieties  which  have  a  published  record  of  superior  merit.  The  record  and  the 
imber  name  must  go  together  to  represent  value.  Formerly  we  used  the  word 
Jniversity"  with  the  number  of  the  variety,  abbreviated  thus:  "Univ.  No.  149." 
ereafter  we  shall  use  the  word  Minnesota  with  the  number,  thus:  "Minn.  No.  149," 
tfinn.  No.  169,"  etc.  Wbilethe  abbreviation  "Univ.  Nr>."has  been  somewhat  used 

our  publications,  it  has  been  extensively  used  in  connection  with  only  one 
iriety  of  field  crop  which  has  been  distributed  from  this  station,  viz.:  Univ.  No. 
I  com.  Since  this  com  with  fcirther  improvement,  from  longer  selection,  will  ere 
ng  be  sent  out  under  a  new  number,  no  serious  inconvenience  will  come  from  the 
ange. 

With  the  need  for  breeding  field  crops  emphasised,  and  its  importance  more  fully 
monstrated,  this  matter  of  names  will  become  an  important  subject. 
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SAVING,  TESTING  AND  TREATING  SEED  WHEAT  IN  VARIETY  TESTS. 

To  be  doubly  safe  in  threshing  the  varieties  of  wheat,  the  work 
proceeds  as  follows:  As  the  grain  from  each  plot  conies  from 
the  machine  the  first  half  bushel  or  so  is  put  into  a  large  sack. 
Then  a  half  bushel  of  grain  is  caught  and  saved  in  a  small  sack 
for  planting  the  next  year,  thus  avoiding  the  use  for  seed  of  that 
portion  which  comes  from  the  separator  immediately  after  the 
grain  of  the  preceding  plot,  which  might  contain  kernels  of  that 
variety.  The  balance  of  the  grain  is  then  put  into  the  large  sack 
with  that  which  first  came  through  the  machine.  See  Fig.  243. 
Constant  care  is  used  that  the  interior  of  the  machine  is  always  in 
good  repair  and  that  there  are  no  places  where  the  grain  can  lodge. 
Care  is  taken  at  all  points  to  keep  the  seed  grain  dry  and  strong 
in  germinating  power,  that  all  varieties  in  the  variety  tests  may 
have  an  equal  number  of  plants  per  acre  on- the  start. 

That  sufficient  seed  of  each  variety  may  be  planted  to  insure  a 
full  stand,  it  is  necessary  to  know  the  vitality  of  the  seeds  of  each 
kind.  This  is  of  special  importance  when  rains  prior  to  threshing 
or  slight  dampness  at  the  time  of  storing  the  grain  have  resulted 
in  injury  to  the  seeds.  A  germinating  chamber  adapted  to  test- 
ing seed  wheat  at  the  low  temperatures  prevailing  in  the  soil  at  the 
season  of  sowing  spring  wheat  is  used  for  testing  the  vitality  of 
wheats  and  other  seeds.    See  Fig.  245. 

Where  necessar}'  to  treat  the  seed  grain  for  smut,  the  blue  stone, 
the  formaldehyde,  the  corrosive  sublimate,  the  hot  water,  or  other 
suitable  method,  is  used. 

PRO«lESS  AND  RESULTS  OF  TRIALS  OF   COLLECTED   WHEATS. 

Ending  with  Dec.  31,  1898,  552  varieties  or  samples  of  wheat 
have  been  entered  in  the  Variety  History  Book  of  the  Minnesota 
Experiment  Station.  The  larger  part  of  these  samples  came  from 
foreign  countries  and  states,  a  number  from  Minnesota  farmers, 
and  49  varieties  have  been  originated,  6  of  which  are  cross  bred 
wheats. 

Prior  to  1894  about  200  varieties  of  wheats  had  been  collected 
by  the  Minnesota  and  North  Dakota  stations,  and  these  have  since 
been  under  co-operative  experimentation.    Only  a  portion  of  the 
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elds  secured  under  the  varying  conditions  can  here  be  recorded, 
id  only  a  portion  of  the  data  can  be  given  room.  Some  of  these 
ita  collected  prior  to  1897  may  be  found  in  bulletins  15,  31,  40, 


^1 


Fig,  241.     Weighing  the  Bandies  from  a  V^o  Acre  Plot. 
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Pig.  242.    Threshing  the  Variety  Plots. 


Digitized  by  VjOOQ IC-  1^     • 


332       COLLECTING  AND  TESTING  VARIETIES  OF  WHEAT. 


•868X*«woi 

: 

: 

90 

o 

: 

to 

d 

0 

f 

'868X  'B^OM«a  qUOM 

27.5 
30.0 
33.6 
32.0 
30.8 

32  0 

33  1 
35.3 
33.8 

•868X  *8^0)t«a  q;oog 

;        03        ^ 
:        t^        d 

■868X  "a  ^SBaq^jON 

:       o       *- 

03 

:        d 

9 

4 

•8681  '-^  ?8dMq;joN 

:        00 
:         « 

:        d 

:       oa 
:        ci 

CI 

*86«X  "a  -ilfsaaAina 

:        CO        o 

:        CO 

i    g 

:        CI        e 

'i68X*a  ^jjsjiAiaa 

«q         CO         -*         ^         N        «•        fe        o         © 
w       d       o *t^       d       t-*       d       ^*       d 

*968I  '-^  ^;|u»Ama 

21.2 
24.8 
24.6 
21.4 
20.2 
21.4 
21.0 
25.1 
23.3 

•968  X  'oajBH 

17.0 
19.7 
23.4 
22.5 

18.0 
18.2 
17.0 

22.7 

■968X',tI-tilW9Aiua 

29.0 
33  2 
21.6 
26.3 
29.3 
31.8 
31.5 
36.3 
36.2 

'S68X  'nB^:^oo 

23.5 
21.6 
24.7 
22.8 
20.7 
22.8 
20.6 
20.0 

't6RI  -a  X;i«JaAiaii 

tesi  'Pfpna 

16.8 
13.5 
16.0 
17.2 
16.3 

t68X  'nojioo 

00        q 

CO           CO 

19.8 
18.6 
21.4 
19.3 
21.4 

•t68X  'oSjbj 

d 

q        (0          : 
d        «          : 

t^           00           03 

d       d       C4 

•S68X  'o»JBd 

12.& 
11  9 
12.9 
16.1 
13.4 
10,0 
14.3 
17.8 

*S68X  'oSa^a 

17.3 
17.7 
16.7 
21.S 
14.;7 
23.3 
14.7 

uaqiHtiN  B^osauaip^ 

moH<oci§222 

VARIETY. 

IC 

0 

•a 
X 

c 

9 
0 

i 

: 

d 

Ed 

1 

Pes 

6 
n 

'as 

a 

4 

u 

V 

0 

a 
0 

0 

r 
H 

a 

0 

•a 
c 

> 

5 

03 
10 
1* 

G 
0 

-a 

c 

5 

i 

V 

9 

n 
« 

0 
0 

0 

0 
CU 

Digitized  by  VjOOQIC 


COLLECTING  AND  TESTING  VARIETIES  OF  WHEAT.       333 


00 

0 

1* 

o 

OO 

10 

OC 

01 

35.2 
36.6 

.S7.2 
34.7 
38.4 
38.1 

10 

o 

00 
00 

lb 

14.1 
16.7 

CO 
CO 

r4 

00 
00* 

14.7 
16.2 

14.7 
16.7 
19.3 
16.7 

00 

H 

10 

23.6 
20.2 
19  6 
20.3 
26.2 
22.6 
24.6 
26.8 
21.6 

o 
6 

H 

26.8 
26.6 
18.2 
26.0 
27.0 
26.3 
26.3 

26.6 
24.0 
22.2 
23.0 
18.0 

20.8 
21.4 
18.9 
19.9 
19.7 
24.3 
198 
19.6 
19.6 
16.8 
14.1 
18  3 
18.8 

23.3 
22.0 
26.0 
23.0 
24.9 
26.0 
21.7 
22.2 

18,7 
18.7 

22.7 
27.6 

323 
80.9 
27.2 
42.7 
360 
37.8 
36.4 
33.3 
34.6 
32.8 
30.0 
46.4 
36.2 

14.4 
18.8 
16.0 
33.0 
11.7 
16.4 
26.2 
11.8 
14.2 

■ 

Ot*,ii<OOt*Okn«OcO'*iO« 
ioio««.      «(Oi«t«oooDaoaox 

a 

s 

G 

1 

0 

10 

fl 

,  1 

5 

i 

1 

• 

5 

OC 

^  1 

C 

§ 

fl 

3 

a 
PP 

S 

.   1 

• 

ft 

■ 

i 

3 

• 

4 

s 

■ 

•  f 

i 

• 
t 

I 

• 

i 

5 

s 

G 

t 

s 

> 
•a 

G 

£ 

fr 


-«^. 


Digitized  by  VjOOQ  L^ 


334        COLLECTING  AND  TESTING  VARIETIES  OF  WHEAT. 


IN 


a 


1 


868X  '«MOi 

\      :      i  •     i 

•868X  '«;o3iBa  q^JOK 

:        U5 

1   i 

•8681  'B;o>iBa  mnos 

•868X  "H  *8li3qMON 

:        N 

:        id 

f        1-1 

•868t  "J  IBQAiquoN 

:        o 

■868i:'a'fl!'="Aiun 

14.3 
26.3 

14.2 
9.7 
18.3 
17.3 
23.2 

M6KI-H  AlBJ^AIua 

12.7 
20  6 
12.9 
17.6 
16.4 
19.8 
19.8 
15.4 
19.8 

■9681  -d  .f^isJaAiua 

18.0 
27.0 
19.7 

yesi'osuBa 

•fl68X  "a  .C^igjaAma 

IT 

^ 
if 

44.0 
29.7 

•S681  'nua^oD 

te'ix  "a;  ^iisjaAmn 

•r68t  'piptia 

•t68t  'OBa^oo 

"^68 1  'o3jiTd    . 

•t68X  'oJjjBa 

S681  '"SaBj 

•jatuuinM  u^os-)uiiii\ 

^•»aln^or^30©o 

C0X»5JCi01oaO 

h 

S 
•< 
> 

Preston 

Perccv 

No.  I  Nicopol  Girca 

No.  3  Nicopol  Girca 

No.  4  Kocharka 

No.  6  Odessa 

No.  6  Odessa 

No.  2  Nicopol  Girca 

Digitized  by  VjOOQ  IC 


COLLECTING  AND  TESTING  VARIETIES  OF  WHEAT.         335 


1 

-- 

1 

— 

-   :  - 

-\ 

- 

1 

20.8 
17.11 
17.6 
16.8 
22.5 
20.5 
18.0 
21.3 

i 

12.6 

18.3 
19.8 
20.2 
16.6 
21.6 
22.6 
26.0 
31.3 

15.9 
20.4 
16.6 
14.7 
14.3 
18.3 
19.8 
20.3 
14.8 
20.7 
19.9 
16.7 
14.4 

18.0 

29.3 
33.0 
33.0 
19.7 
27.7 
28.1 
22  0 
29.0 

- 

- 

i 

1 

No.  6  Nicopol  Glrca 

No.  6  Nicopol  Glrca 

Square  Headed \ 

K      : 

8    ft. 

1  i  i 

s    a    X 

1    1    1 
R    \    I 

o      »      S 

«                1- 

McKlsslck's  Fife 

McKendry'8  Fife  X \ 

I 


Digitized  by 


poog 


le 


336       COLLECTING  AND  TESTING  VARIETIES  OF  WHEAT. 


(i 


K 


•868X  *»MOi 

: 

•868X  'B^oiiBa  qvoN 

:         .         : 
:         :         : 

•8681  'w^oiiwa  q^nos 

•868X  *a  M»9q^JON 

:         :         : 

868X  *'d.  ^MMq^JON 

17.6 
16.8 
20.0 
17.7 
20.0 
26.6 
27.8 

•868X  "a  £%\tJ9iL^ua 

26.0 
27.6 
27.0 
32.0 
21.3 
24.8 
26.6 

'L6SX  'a  iC««J9A{an 

20.4 
16.6 
19.3 
17.9 
18.0 
21.3 
22.0 
11.0 
120 
ia.8 

•9681  -a  iC«w»Aian 

O«e0OC«C0P3^;0IW 

id       to       -♦       id       4       id       Ti'       oo       d       oo 

CIHCtWCIC«N-^»-' 

•968X  'o»JBa 

•968X*\lX^lw»A|an 

•S68X  *n»»»03 

•t68T  *a  AlW3A.{nn 

>68X  'PSpna 

«. 

>6S  C  'n«9^o3 

•»68X  'oHiva. 

•868X  'oajBd 

•e68X  'oaawj 

i         :         i     ' 

u^qmciK  B^osdnnip^ 

0»OHCI«^IOi-(CI« 
OOAOOOtAOiiaiOlQ 
CIC4CICICICICI^^^ 

GO* 

H 

n 

S 
< 
> 

>< 

1 

ii 

1 

i   X 
\    8 
:    ^ 
:     GQ 

il 

0      -v. 
9       C 

5  w 

s  1 

CO    pq 
0    2 

I  ^ 

: 

\    X 

0      6( 

5  S 

«    « 

J2    .2. 

i    1 

s  1 

M           > 

K    pq 

u 

a 

s 

•c 

I 

a 

0 

0 

•a 

^        > 

Digitized  by  VjOOQIC 


COLLECTING  AND  TESTING  VARIETIES  OF  WHEAT.       337 


■•••••••••• 

:    :    i    :    :    :    :    I    :    :    : 

16.8 
288 

24.6 
23.8 

17.6 
20.6 

24.6 
26.6 
23.8 

27.6 
27.5 

17.3 
163 
14.7 
14.3 
17.8 
20.4 
20.9 
18.2 
18.7 
22.0 
20.6 

16.3 

19.2 
17.4 
1T.4 
174 
17.3 
23.0 

19.0 

j      j       i       i       j       i       f      j       1       i       i       : 

.    :    :          I    :    :    .     :    :    :     :    :    w 
::::::::::::    c* 
::::::::::::    ^ 

1    1    i    i    i    1    1    i    1    i     1 

:::::::::::: 

:    ;    j    :    j    1    :    :    :    i    :    i 

464 
456 
466 
467 
468 
475 
476 
477 
478 
479 
498 
166 
168 

Q 

Alpha 

Progress 

Bucban 

McKisslck's  Fife 

Risting's  Fife 

McKendry's  Assinaboia  Fife.... 

Glyndon  763 

Haynes'  Blue  Stem 

Haynes'  Fed.  Blue  Stem 

Wellman's  Fife 

OlvnHnn  «1  1 

1 

;iin 


Digitized  by  VjOOQIC 


338       COLLECTING  AND  TESTING  VARIETIES  OF  WHEAT. 

46  and  50,  and  in  the  annual  reports  of  this  station  for  1893,  189^ 
189s  and  1896;  and  in  bulletins  10,  11,  23  and  2^7  of  Nort 
Dakota  Experiment  Station. 

In  1897  these  200  wheats  had  been  so  closely  culled  out  tha 
only  the  eight  best  yielding  kinds  were  grown  at  University  Farir 
To  still  better  decide  among  these,  small  amounts  of  each  kirn 
were  made  into  flour,  and  the  flours  were  subjected  to  careful  test 
by  the  methods  known  among  milling  experts  as  the  "color  test, 
the  "gluten  test"  and  the  "baker's  sponge  test."    Taking  the  re 


FifiT'  243.  Wheat  as  threshed  from  one  plot.  Small  bag  contains  wheat  saved  fo 
pure  seed.  The  brass  kettle  at  the  left  with  its  steelyard  is  used  fo 
testing  the  weight  per  bushel  of  the  wheat. 

sult€  of  these  tests  of  the  flour  in  connection  with  the  data  or 
yields,  grade,  liability  to  lodge,  etc.,  through  the  several  years,  th< 
h'st  of  the  eight  best  wheats  out  of  the  original  collection  of  20( 
varieties  was  reduced  to  four  for  planting  at  University  Farm  ir 
1898.  Prof.  Shepperd  still  retains  others  of  these  varieties  at  th< 
North  Dakota  station. 

In  Table  XXL  are  collected  all  the  yields  of  all  the  more  prom 
inent  varieties  for  each  year  at  the  several  experiment  stations  anc 
farms.    In  a  few  cases  the  yields  here  entared  have  not  been  undei 
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iciently  uniform  conditions  to  be  comparable,  and  have  not 

1  used  in  the  summarized  tables  following. 

1  Table  XXII.  are  collected  all  the  yields  of  the  best  eight  vari- 

5  above  mentioned  for  the  years  1892  to  1897,  inclusive,  at  the 

iral  stations  and  farms  as  heretofore  noted. 

1  Table  XXIII.  are  given  the  averages  of  the  eight  comparable 

is,  (colimm  3),  of  the  best  eight  varieties  out  of  200,  as  given 

le  top  of  Table  XXI.     This  table  was  made  up  in  the  winter  of 


1 


Pis.  24>4.    The  Seed  House  where  are  Stored  the  Samples  of  Varieties. 

7-8  that  the  list  might  be  still  further  reduced  by  discarding 
>e  less  desirable  before  seeding  time  in  1898.  In  a  similar  man- 
the  data  on  grade,  weight  per  bushel,  per  cent,  rustiness  and 
cent,  lodged  of  the  several  crops  are  here  averaged  and  tabulat- 
Space  will  not  permit  the  publication  of  all  the  tables,  but  the 
rages  only  as  given  in  Table  XXIII.  are  sufficient  to  illus- 
e  their  use  in  deciding  the  relative  values  of  the  several  varic- 
.  A  careful  inspection  of  this  table  will  show  why  four  of  these 
jats  were  discarded,  retaining  as  the  best  four  the  following: 


P  -ws^ 
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Minn.  No.  51,  Haynes'  Blue  Stem;  Minn.  No.  66,  Power's  Fife; 
Minn.  No.  105,  Glyndon  711;  and  Minn.  No.  146,  Bolton's  Blue 
Stem. 

Grading  Wheat  is  the  passing  upon  its  commercial  value  for 
milling  purpose.  The  grades  (column  4)  in  Table  XXIII.  were 
determined  for  the  first  few  years  by  professional  grain  inspectors 
from  the  State  Grain  Inspection  force,  who,  from  daily  passing  up- 
on the  grades  of  commercial  grain,  are  expert  judges.  During  lat- 
er years  the  two  who  subscribe  to  this  bulletin  have  done  most.of 
the  grading.  The  public  inspector's  experience  is  nearly  all  with 
the  two  classes  of  wheat,  Fife  and  Blue  Stem.  It  was  found  that  he 
passed  judgment  on  other  varieties  by  standards  of  color,  hardness 
under  the  teeth,  and  of  other  characters,  which  were  especially 
applicable  in  comparing  the  samples  of  the  two  varieties  most 
common  in  our  markets.  When  varieties  from  a  foreign  country 
or  varieties  newly  bred  in  Minnesota,  which  differed  in  appear- 
ance, came  before  the  inspector,  he  would  often  place  them  to( 
low,  or  too  high,  merely  because  of  a  lack  of  the  amber  coloi 
or  of  the  flinty,  transparent  inside  common  to  the  standarc 
wheats,  which  in  his  long  daily  experience  had  become  his  ideal! 
of  good  wheats.  The  writers,  knowing  each  wheat  year  aftei 
year,  and  having  in  mind  the  facts  brought  out  by  actualh 
milling  them,  could  better  place  the  grade,  though  not  so  wel 
trained  in  the  empirical  yet  fairly  satisfactory  art  of  grading  th 
two   wheats   commonly   sent  to  our  terminal   markets.     Thes 

TAJ3LE  XXU.— Best  Eiffht  out  of  Two  Hundred  Ck>llected  Wheats. 
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grades  have  a  comparatively  limited  value  in  the  tables  because 
the  gluten  test  and  the  baker's  sponge  test,  described  further  on, 
tell  in  figures  what  the  inspection  attempts  to  estimate. 

These  grades  have  been  here  expressed  in  percentages 
rather  than  in  commercial  grades.  These  percentages  are  not 
convertible  into  commercial  grades.  In  grading  each  wheat  the 
quality  of  flour,  as  previously  determined  by  milling  it  and  sub- 
jecting it  to  the  color  test,  the  gluten  test  and  the  baker's  sponge 
test,  is  taken  into  consideration.  Thus  the  outward  appearance 
of  the  particular  sample  of  wheat  is  not  taken  as  the  sole  measure 
of  the  quality  of  that  particular  kind  of  wheat.  In  case  one 
wheat  is  poor  in  quality  and  quantity  of  its  gluten,  and 
if  the  sample  is  also  poor  in  appearance,  its  grade  is 
placed  very  low;  or  if  the  appearance  of  the  sample  is 
indeed  very  good  it  is  given  only  a  poor  grade.  An  effort  is 
made  to  let  the  grade  represent  the  milling  value  of  the  wheat 
With  our  present  facilities,  we  are  able  to  satisfactorily  deter- 
mine the  quality  and  quantity  of  gluten  in  the  wheats.  The 
quantity  of  patent  flour  and  the  quantity  of  lower  grade  flours 
which  the  several  grades  of  each  variety  of  wheat  will  make 
should  also  be  determined.  For  this  purpose  a  four  or  six  roll 
test  mill  is  needed.  With  such  an  addition  to  our  apparatus,  we 
could  determine  more  accurately  the  value  of  each  variety  of 
wheat,  and  its  particular  use  as  a  mixer  in  combining  it  with 
other  wheats  to  make-  flour  of  a  given  standard  quality.  Most 
of  the  factors  which  must  be  taken  into  consideration  in  grading 
wheat  can  be  reduced  to  values  expressed  in  figures.  Among 
these  factors  are  purity,  weight,  size  of  berry,  color,  plumpness, 
condition  of  bran;  and  where  the  wheat  is  of  a  known  variety, 
and  milling  tests  have  been  made,  the  percentage  of  gluten,  the 
quality  of  gluten  and  the  quantity  of  flour  which  a  hundred 
pounds  of  the  wheat  will  make  may  all  be  given  their  place  in 
the  estimate  of  value.  By  determining  the  relative  importance 
of  these  several  factors,  grading  wheat  might  be  reduced  to 
more  nearly  a  mechanical  basis,  though  the  expense  might  be 
prohibitive  in  commercial  dealings.     In  case  of  disputes  simple 


Digitized  by  VjOOQIC 


COLLECTING  AND  TESTING  VARIETIES  OF  WHEAT.       3-^3 

If 


M^ 


Fig.  245.  Standard  seed  icerminating  chamber,  used  by  the  U.  S.  Department  of 
Agricnlture  and  American  experiment  stations  (front  view  with:  one 
door  slide  removed);  a  a,  openings  into  water  jacket;  b,  thermoregu- 
lator;  cc«  openinqra  into  chamber;  d,  gas  entrance  tube;  e,  micro-bunsen 
burner;  f,  gas  exit;  h,  ventilator;  ij,  door  slides;  k.  pan  to  hold  porous 
saucers,  etc.;  1,  blotter  test;  m,  porous  saucers  with  sand  test. — [U.S. 
Dep.  Ag.  Circular  No.  84.] 

milling  tests  also  might  be  employed  to  determine  the  value  of 
wheats.  The  subject  is  one  of  large  importance,  and  experimenta- 
tion might  lead  to  methods  of  inspection  which  are  more  accu- 
rate and  yet  inexpensive  and  practical. 

The  Weights  Per  Bushel  have  usually  been  taken  as  the  grain 
came  from  the  threshing  machine,  or  where  further  cleaning 
was  necessary,  as  it  was  cleaned  sufficiently  for  market.  The  or- 
dinary brass  kettle  used  by  official  inspectors  is  used,  dupli- 
cate weights  being  taken  and  averages  made.     These  for  the 
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several  years  have  been  averaged  and  appear  in  the  several 
tables. 

The  Diseased  or  Rusted  Condition,  given  in  column  6,  Table 
XXIII.,  is  best  noted  before  the  grain  is  quite  ripe,  preferably  one 
to  two  weeks  before  the  maturity  of  the  grain,  and  while  the 
middle  and  lower  leaves  are  yet  full  of  active  green  cells.  In 
taking  these  notes  on  rust  some  standard  variety,  as  Blue  Stem 
or  Fife,  is  used,  and  all  others  compared  with  it.  Table  XXIII. 
does  not  show  a  very  wide  variation  in  the  relative  liability  to  rust 
of  the  best  eight  varieties.  But  some  of  the  foreign  wheats  col- 
lected since  1894  show  a  much  less  power  of  resistance  to  this 
disease,  as  is  shown  in  Table  XXVIII.  As  a  rule,  tlie  better 
yielding  varieties  are  comparatively  rust  resistant.  Or,  it  may 
bt  better  to  say  that  only  varieties  which  have  good  rust-resisting 
power  can  yield  well  and  have  been  able  to  hold  a  place  in  this 
list  of  eight  best  out  of  200  kinds  of  wheat  originally  collected. 
Rust  is  always  present  and  attacks  all  varieties,  but  some  resist 
it  with  much  greater  power  than  others. 

The  Liability  to  Lodge  has  been  noted  during  those  years 
where  the  rainfall  has  been  sufficient  to  cause  more  or  less  of 
the  wheat  to  fall  down.  While  yield  and  quality  of  grain  are 
the  main  factors  to  be  definitely  measured  in  variety  tests,  the 
ability  to  stand  up  well  and  other  peculiarities  should  be  recorded. 
Farmers  who  have  heavy,  rich  soils,  especially  need  varieties  of 
grain  which  have  stiff  straw.  Here,  also,  one  variety  is  used 
as  a  standard  of  comparison,  and  the  proportion  of  the  plants 
which  have  fallen  down  are  expressed  in  percentages  as  in  col- 
umn 7  in  Table  XXIII. 

TESTING  THE  QUALITY  OF  FLOUR  FROM  VARIETIES  OF  WHEAT. 

The  quality  of  wheat  of  new  or  unknown  varieties  cannot  be 
fully  determined  by  mere  inspection.  As  between  various  sam- 
ples of  the  same  known  variety,  but  grown  under  different  condi- 
tions, the  state  inspectors  and  experienced  grain  dealers  are 
able  to  judge  closely  the  relative  milling  values.  But  there  is 
no  known  empirical  method  of  passing  correct  judgment  upon 
varieties  which  are  new  to  the  inspector,  nor  of  comparing  their 
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ing  value  with  our  commonly  grown  Red  Fife  and  Blue  Stem 
eties.  This  has  been  abundantly  shown  in  our  grading,  where 
have  had  judges  of  large  experience  undertake  to  grade 
ly  varieties; 

i  we  should  disseminate,  and  cause  to  be  grown  a  new  variety, 
vheat  which  would  be  different  in  appearance  from  our  com- 
1  kinds,  the  inspectors  would  need  to  know  of  its  relative 
ling  value,  and  they  might  need  to  make  for  it  an  entirely 
f  class.  Our  Minn.  No.  292,  a  Risting  Fife  in-cross,  will 
a  case  in  point  if  its  record  for  good  yield  is  continued  and 
nters  the  list  chosen  to  be  disseminated  to  the  farmers  of  the 
:e.  It  is  a  pure  Fife  wheat  in  that  both  of  its  parents  were 
e  Red  Fife  plants,  yet  this  cross  is  very  much  lighter  in 
)r  of  berry  than  its  parent  variety.  Any  new  wheat  would 
e  an  additional  value  if  combined  with  high  milling  qualities 
•e  the  color,  hardness,  smoothness  of  bran  and  general  ap- 
rance  which  would  cause  it  to  conform  to  the  highest  present 
rket  standards.  But  if  the  wheat  has  superior  intrinsic  worth 
nust  stand  upon  its  merit,  and  the  standards  or  fashions 
the  market  will  need  to  change  to  suit  the  wheat.  Fortu- 
ely,  so  far  most  of  our  best  new  wheats  are  Fife  or  Blue  Stem 
breeding,  and  in  appearance  and  in  quality  are  quite  like  their 
ents. 

n  seeking  a  knowledge  of  the  real  milling  and  food  qualities 
the  numerous  varieties  under  trial,  the  baking  experts  of  the 
^e  mills  were  consulted,  and  also  Prof.  Harry  Snyder,  Pro- 
sor  of  Agricultural  Chemistry.  Tests  were  decided  upon 
each  variety,  and  for  that  purpose  each  was  ground  into 
ir.  Mr.  C.  E.  Foster,  baking  expert  of  the  Consolidated  Mill- 
Company  of  Minneapolis,  kindly  offered  assistance  in  milling 
I  testing  the  wheats,  and  most  freely  advised  and  aided  in  de- 
ing  plans  which  would  be  uniform  and  satisfactory.  We  were 
is  enabled  to  test  the  flours  of  the  collected  wheats  in  Table 
^III.,  in  February,  1898,  and  also  the  other  wheats  that  were 
n  grown.  In  all,  fifty-three  varieties  of  wheat  grown  on  Uni- 
sity  Farm  were  thus  milled  and  tested,  and  of  these  thirty- 
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three  duplicates  which  had  been  grown  at  Northwest  Farm  at 
Crookston  in  1897  were  milled  and  tested,  making  a  total  of 
86  samples. 

METHOD    OF    MILUNG    SAMPLES    OF    VARIETIES    OF    WHEAT. 

The  Consolidated  Milling  Company  of  Minneapolis  kindlyplaced 
at  our  disposal  their  two  small  test  roller  mills  in  which  to  grind 


Fig.  246.     Milling  the  Varieties  of  Wheat. 

the  samples  of  wheat.  See  Fig.  246.  These  mills  are  suited 
to  grinding  small  quantities  of  grain.  Each  of  the  two  mills  has 
rolls  six  inches  in  diameter  and  six  inches  long.  The  first  mill 
has  corrugated  rolls  and  the  second  smooth  rolls.  These  min- 
iature mills  are  very  simple,  consisting  of  little  else  than   the 
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oils.  The  ground  wheat  falls  into  a  box.  It  is  then  poured 
ito  a  sieve  or  simple  plan-sifter  which  is  shaken  by  machinery. 
>ilk  or  wire  sieves  of  such  sized  mesh  that  only  the  finer  par- 
icles  of  flour  will  pass  through  are  used,  and  the  bran  and 
oarser  particles  from  the  inside  of  the  kernels  are  again  passed 
tirough  the  rolls,  further  removing  the  floury  particles  from 
[le  bran,  and  making  them  sufficiently  fine  to  pass  through  a 
ne  silk  cloth  sieve. 
The  operator's  judgment  is  used  as  to  the  closeness  of  remov- 
ig  the  flour  from  the  bran,  since  some  varieties  mill  easier  than 


Fig.  247.    Making  the  Color  Test  of  the  Flour  from  each  Variety  of  Wheat. 

>thers.  No  attempt  is  made  in  these  tests  to  closely  separate 
rom  the  flour  the  finely  broken  particles  of  bran  which  injure 
tf  color.  To  do  this  effectually,  it  would  be  necessary  to  carry 
iome  of  each  variety  through  the  complete  process  of  the  modem 
oiler  mill  with  its  extensive  system  of  "rolls"  and  reels  or 
;haking  sieves. 
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Since  comparisons  of  flour  of  each  new  wheat  with  the  flour 
of  our  common  Fife  and  Blue  Stem  varieties  were  the  objects 
sought,  rather  than  making  perfect  flour  from  each,  it  was  found 
that  this  coujd  be  done  by  milling  small  amounts  and  making 
the  tests  with  comparatively  small  quantities  of  flour. 

Milling  the  Test  Samples. — A  quart  or  more  of  each  kind  of 
wheat  having  been  cleaned,  it  was  run  through  the  test  mill. 
An  ounce  of  this  flour  was  weighed  out  for  the  gluten  test,  and 
100  grams  for  the  baker's  sponge  test.     In  the  gluten  test  the 


¥ 


Fig.  248.     Makitij^  the  Gluten  Test. 

essential  facts  sought  were  the  amount  of  gluten  and  its  strength, 
while  incidentally  its  color  and  other  qualities  were  noted.  In 
the  baker's  sponge  test  the  flour  was  subjected  to  a  practical  trial 
of- its  ability  to  rise  in  a  dough  when  worked  down  and  required 
to  again  rise  in  the  loaf. 

fhe  Gluten  Test  was  carried  on  as  follows :  An  ounce  of  the 
flour  was  weighed  out.  Water  was  added  and  the  flour  kneaded 
into  a  stifle  dough.    This  was  worked  considerably  so  as  to  bring 
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U  the  gluten  into  active  contact.  Then  the  mass  of  dough  was 
eld  under  a  stream  of  water  and  gently  pulled  and  kneaded, 
lie  dough  was  thus  manipulated  until  all  the  parts  had  been 
imed  out  and  exposed  to  the  running  water,  and  all  the  starch 
rains  had  been  disentangled  from  the  fibrous  mass  of  gluten, 
id  washed  away,  as  shown  by  the  wash  water  no  longer  contain- 
ig  a  sediment  of  starch. 

To  avoid  the  loss  of  small  portions  of  gluten,  which  might 
reak  loose,  a  hair  sieve  was  kept  under  the  stream  of  water, 
id  any  detached  portions  of  gluten  were  gathered  up  and  again 
laced  with  the  general  mass. 

When  this  gluten  had  been  washed  clean  of  starch  it  was 
ried  to  a  standard  dryness.  This  was  done  by  continuously 
ulling  and  kneading  it  in  the  hands,  frequently  drying  the  hands 
n  a  towel,  until  the  free  portions  of  water  had  been  removed, 
his  mass  of  moist  gluten  was  then  weighed,  that  the  difference 
light  be  found  between  the  wet  weight  and  the  dry,  water-free 
ibstance,  weighed  later  on,  thus  finding  the  power  of  the  gluten 
>  hold  water.  Notes  were  made  on  this  wet  gluten  as  to  its  color, 
id  especially  as  to  the  strength  of  the  gluten.  It  was  stretched 
jt  into  threads,  the  better  gluten  stretching  out  into  longer  and 
ner  threads  than  the  poorer,  which  breaks  off  more  squarely.  It 
as  then  laid  in  a  round  mass  upon  a  stiff  card.  The  stiffer  the 
luten  the  higher  it  lies  in  a  more  nearly  globular  mass;  and 
^  vnn-rr  tbf  rinten,  the  more  it  "runs,"  or  spreads  out  on  the 
ird.  This  method,  while  somewhat  empirical,  is  reasonably  ac- 
irate,  and  an  expert  operator  can  tell  by  it  much  regarding 
le  quality  of  the  gluten  of  a  given  variety  of  wheat.  The  va- 
eties  with  stiffer,  tougher  gluten  will  rise  high  in  the  loaf,  and 
5  a  rule  will  retain  their  power  of  rising  after  the  dough  has 
een  worked  down  one  or  more  times.  And  the  varieties  with 
luten  which  runs  freely,  and  easily  breaks  upon  being  stretched,^ 
lake  a  loaf  which  will  not  rise  high,  rises  poorly  after  it  has 
een  "worked  down,"  and  makes  withal  a  "runny"  dough  that 
reeps  out  over  the  edges  of  the  pan  rather  than  rises  into  a 
rdl  formed  loaf.      Tables  XXIII.  and  XXIV.  bear  out  these 
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general  statements,  though  the  various  tables  giving  gluten  and 
baker's  sponge  tests  do  not  in  quite  all  cases  show  a  uniformity 
of  results  from  these  two  methods  as'  to  the  quality  of  the  gluten. 

The  moist  gluten  was  dried  in  a  temperature  of  212  deg.  F. 
until  its  moisture  had  been  all  driven  off.  It  was  then  weighed 
(col.  9  in  Table  XXIII. ),  and  the  difference  between  the  dry  and 
the  wet  weights  was  taken  as  the  amount  of  water  held  by  the 
gluten  (col.  10  in  Table  XXXIII.),  and  from  this  was  figured  the 
amount  of  water  held  by  each  gram  of  gluten.    See  Fig.  248. 

The  Color  Test  is  made  as  follows  :  The  samples  of  flour 
are  placed  in  adjacent  masses  on  a  rectangular  plate  of  glass 
about  three  by  ten  inches  in  size.  Each  mass  is  smoothed  down 
with  a  steel  spatula  so  as  to  present  a  smooth  surface.  An  ex- 
tensive series  of  colored  glass  slabs  is  used.  The  colors  of  these 
glasses  are  delicately  graded  from  light  to  gray,  and  to  brown, 
each  color  being  marked  with  a  certain  percentage  or  scale.  The 
flours  are  then  matched  with  the  glasses  and  the  color  of  that 
glass  recorded  which  corresponds  with  the  color  of  the  flour.  See 
Fig.  247. 

The  Baker's  Sponge  Test  was  performed  as  follows :  •  One 
hundred  grams  of  flour  were  weighed  out  in  a  wide  porcelain  dish 
or  an  earthenware  bowl  holding  a  pint  or  more.  See  Fig.  249. 
Part  of  the  water  needed  to  make  the  flour  into  a  dough  (usually 
about  65  cc.)  was  then  measured  out  from  a  burette.  Into  this 
was  dissolved  five  grams  of  sugar  and  five  grams  of  compressed 
yeast.  The  flour  was  stirred  into  tliis  water  with  a  steel  spatula, 
and  more  water  was  added  until  the  whole  was  kneaded  into 
a  dough  of  standard  consistency  or  *'stiffness".  The  cubic  centi- 
meters of  water  required  by  a  given  sample  of  flour  were  then 
expressed  in  percentages  of  water  taken  up  by  each  one  hundred 
grams  of  flour."    (See  column  8,  Table  XXIII.) 

The  dough  was  then  placed  in  tubes  about  four  inches  in  diam- 
eter, which  were  graduated  into  cubic  centimeters.  These  tubes 
were  then  set  in  water  at  90  deg.  F.,  and  the  dough  allowed 
to  rise.  It  was  constantly  watched  until  it  reached  its  full  height 
and  fell,  when  the  time  required  to  rise  and  its  volume  expressed 
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cubic  centimeters  were  recorded.  The  tube  was  left  in  the 
:er  bath  until  the  dough  again  rose  to  the  full  height  its  re- 
ining strength  was  capable  of,  when  the  time  required  and  the 
Lime  were  again  recorded.  These  facts  are  noted  in  Table 
HI.,  under  columns  12-16  inclusive. 

^y  dividing  the  volume  of  loaf  to  which  100  grams  of  flour 
jld  rise  by  the  percentage  of  gluten  in  the  flour,  the  volume 
loaf  produced  by  each  gram  or  percentage  of  gluten  was 
nd.    Since  100  grams  of  flour  were  used  and  the  specific  grav- 


PiS.  249.    Makinc  the  Baker's  Sponge  Test  of  Varieties  of  Wheat. 

of  the  gluten  is  not  far  from  unity,  it  may  be  said  that  these 
ires .  represent  the  number  of  times  a  gram  of  gluten  from 
h  of  the  several  kinds  of  wheat  will  expand.  Thus,  flour 
m  Bolton's  Blue  Stem  wheat  contained  only  16.4  per  cent, 
gluten,  yet  dough  from  a  hundred  grams  of  flour  rose  the 
t  time  to  a  volume  of  1163  cc,  and  each  gram  of  gluten 
Kiuced  sixty  times  its  volume  of  loaf.    During  the  second  rise 
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it  rose  to  a  volume  of  800  cc,  each  gram  of  gluten  producing 
forty-nine  times  its  volume  of  loaf. 

Rio  Grande  wheat,  on  the  other  hand,  had  a  larger  percentage 
of  gluten,  17.3  per  cent.  But  this  was  of  poorer  quality.  The 
loaf  rose  nearly  as  high  the  first  time  as  that  from  flour  of  Bol 
ton's  Blue  Stem  wheat,  but  there  bein^  a  larger  amount  of  g-lutei 
present,  each  gram  of  gluten  produced  only  fifty  times  its  volume 
of  loaf,  while  in  the  case  of  Blue  Stem  wheat  each  gram  producec 
sixty  times  its  volume.  In  the  second  rise,  the  gluten  from  th< 
Rio  Grande  flour  did  not  show  good  **staying"  qualities,  and  pro- 
duced only  thirty-five  tiilies  its  volume  of  risen  loaf.  The  volum< 
of  rise  produced  by  each  gram  of  gluten  is  shown  in  columns  i; 
and  18  of  Table  XXIII. 

The  gluten  test  and  the  baker's  sponge  test  were  each  carried 
out  in  duplicate  with  each  variety  of  our  best  wheats,  one  sample 
of  which  was  grown  at  University  Farm  near  St.  Paul,  and  the 
other  at  Northwest  Farm  at  Crookston,  nearly  three  hundred 
miles  to  the  northwestward,  and  under  very  different  conditions 
of  soil  and  climate,  giving  four  tests  to  each  variety,  the  results 
of  which  have  given  satisfactory  comparisons.  The  results  of 
the  gluten  tests  and  the  baker's  sponge  tests,  taken  in  connection 
with  the  average  of  eight  yields  (col.  3,  Table  XXIII.),  give  facts 
which  were  used  in  further  reducing  the  list  of  the  wheats  re- 
tained from  the  two  hundred  varieties  collected  prior  to  1894. 

RELIABILITY  OF   MILLING  TESTS. 

The  milling  tests  to  which  these  varieties  of  wheats  were  sub- 
jected are  not  new  nor  experimental  in  their  principal  features. 
Expressing  the  amount  of  rise  from  each  gram  of  gluten,  as  in 
columns  17  and  18,  Table  XXIII.,  is  a  new  way  of  indicating  the 
quality  of  the  gluten  present  in  a  given  sample  of  wheat.  This 
method  of  expressing  the  strength  of  the  gluten  is  especially  use- 
ful for  the  second  rise.  It  shows  whether  the  gluten  has  the 
ability  to  endure  and  will  repeatedly  rise  when  the  loaf  is  kneaded 
down.  In  Table  XXIV.  are  grouped  the  principal  results  from 
Table  XXIII.,  giving  the  facts  rejptive  to  the  eight  best  yielding 
varieties  of  two  hundred  wheats  collected  prior  to  1894.     It  so 
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)pens  that  these  varieties  give  considerable  range  in  quantity  of 

ten  present  and  in  the  quality  of  the  gluten,  thus  giving  op- 

tunity  to  compare  the  two  methods  of  determining  the  strength 

the  gluten.    In  column  5  is  given  the  quality  of  the  gluten  as 

ermined  by  Mr.  Foster  in  the  gluten  test  described  on  pages 

1-349,  using  a  percentage  comparison.    The    eight    varieties 

here  arranged  in  the  order  in  which  Mr.  Foster  placed  them, 

range  being  from  87.5  per  cent,  for  the  best,  down  to  72.5 

cent,  for  the  poorest,  flour.     In  column  6  are  given  the  co- 

nents  of  expansion  as  determined  by  the  averages  between  the 

LBLB  XXIV.— Oomparinff  the  Olntan  Testa  and  Baker's  Bponffe  Test 
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umes  of  rise  the  first  and  second  times,  divided  by  the  amount 
dry  ^hiten  as  found  present  by  Mr.  Foster. 
ft  will  be  seen  that,  with  the  exception  of  the  first  and  third, 
ich  are  reversed,  the  flours  stand  in  their  power  of  rising, 
shown  in  this  test,  in  the  same  order  of  superiority  in  which 
7  were  placed  by  Mr.  Foster.  Taking  the  second  rise  alone, 
ire  is  nearly  the  same  relation  shown.  In  other  words,  these 
0  methods  correspond  closely,  and  it  is  fair  to  presume  that 
:h,  in  a  general  way,  is  nearly  accurate.  These  tests  do  not' 
any  means  make  a  complete  test  of  the  milling  qualities  of  the 
leats.     Numerous  actual  baking  trials,  milling  the  wheats  in 
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quantity,  alone  and  in  mixture,  will  be  necessary  before  we  have 
a  full  knowledge  of  the  quality  of  any  wheat.  These  simpler 
tests,  however,  seem  practical  in  aiding  to  throw  out  the  less 
desirable  varieties  of  wheats,  that  our  limited  time  and  means 
may  be  spent  on  the  comparatively  few  which  are  most  promising. 

By  means  of  the  comparisons  we  were  at  once  enabled  to 
discard  one-half  of  the  best  eight  wheats  of  our  earlier  collections. 
(See  Tables  XXIII.,  XXIV.  and  XXV.)  Minn.  No.  7a 
Rio  Grande,  easily  goes  to  the  foot  of  the  list,  being  the  poorest 
of  the  eight  in  yield  and  poorest  in  quality  of  gluten,  and  especially 
poorest  in  the  ability  of  its  dough  to  rise  a  second  time. 

Blount's  Hybrid,  No.  15,  may  rightfully  be  placed  next  to  the 
lowest  on  account  of  the  poor  quality  of  its  gluten,  though  it 
averaged  slightly  better  in  yield  than  Glyndon  763,  and  as  much 
as  Haynes'  Blue  Stem,  one  of  the  four  wheats  chosen  to  remain 
in  our  preferred  list  of  varieties. 

It  will  be  observed  that  both  Rio  Grande  and  Blount's  Hybrid 
No.  15  have  an  unusually  large  percentage  of  gluten,  being  the 
richest  in  these  most  valuable  food  substances  of  any  of  the  eight 
varieties  given  in  Tables  XXIII.  and  XXIV.  But  they  are  without 
that  quality  of  gluten  which  enables  the  baker  to  make  a  light 
loaf;  consequently  the  nutrients  cannot  be  well  utilized,  and  the 
miller  cannot  afl'ord  to  pay  a  good  price  for  the  wheat. 

White  Russian  is  excelled  in  yield  only  by  Minn.  No.  146,  yet 
for  two  reasons  it  should  have  the  place  assigned  to  it  by  Mr. 
Foster's  estimate.  It  lacks  both  in  the  quantity  and  quality  of  its 
gluten,  being  poorest  in  amount  of  gluten  of  any  of  the  eight 
wheats ;  i.  c.,  14.3  per  cent. 

Glyndon  753  stands  highest  in  the  list  of  the  four  discarded 
wheats,  and  is  nearly  equal  to  Minn.  No.  105  and  Minn.  No.  51. 

THE  BEST  FOUR  WHEATS  OF  200  COLLECTED  PRIOR  TO   1 894. 

Of  the  best  four  wheats,  Minn.  No.  146  easily  stood  at  the 
head.  It  yielded  for  the  several  years  an  average  of  3.4  to  3.6 
bushels  more  than  each  of  the  other  best  four  wheats ;  the  per 
cent,  of  gluten  it  contained  was  excelled  in  the  two  trials  by 
Minn.  No.  105 ;  its  quality  of  gluten,  as  shown  by  the  gluten  test 
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and  by  the  second  rise  in  the  sponge  test,  was  poorer  than  that 
of  Minn.  No.  66,  while  its  strength  of  ghiten  in  the  first  rise  ex- 
celled that  shown  by  any  other  wheat.  Among  the  other  three 
wheats  there  is  not  much  choice,  as  shown  by  TableXXIV.  While 
the  gluten  test  placed  Minn.  No.  66,  Power's  Fife,  highest  in 
quality  of  gluten,  Minn.  No.  51,  Haynes'  Blue  Stem,  showed 
gluten  of  greater  staying  quality  in  the  second  rise  of  the  dough. 
Minn.  105  had  a  higher  percentage  of  gluten  than  either  51  or  66, 
but  its  gluten  showed  a  lack  of  endurance  in  rising  a  second  time. 

We  have  been  surprised  that  from  so  many  wheats  collected 
as  the  best  from  countries  which  are  our  competitors  in  spring 
wheat  sections  of  the  world  we  have  found  nothing  so  good  as  our 
best  samples  of  home-grown  Blue  Stem  and  Fife  wheats.  These 
experiments  have  greatly  added  to  our  respect  for  these  two 
hardy  classes  of  wheat,  and  to  our  faith  in  their  continued  use- 
fulness in  Minnesota,  and  surrounding  states.  That  these  wheats 
have  so  successfully  met  all  newcomers  under  the  varying  con- 
ditions of  these  trials,  is  good  proof  that  our  hard  wheats  are 
not  "running  out,"  and  that  new  seed  need  not  be  procured 
from  somewhere  sufficiently  "far  off"  to  mystify. 

We  have  thus  secured  a  standard  of  yields  with  which  to  com- 
pare our  best  wheats  on  experiment  station  lands,  not  especially 
rich  nor  manured  with  special  fertilizers,  but  simply  well  farmed. 
The  four  wheats  thus  used  for  standards  of  comparison  averaged 
about  22.5  bushels  per  acre,  as  shown  in  Table  XXV.  It  is  the 
ambition  of  the  experiment  station  to  procure,  or  to  create  by 
breeding,  varieties  which  will  increase  this  yield  on  these  soils  to 
an  average  of  28  bushels  per  acre,  other  conditions  remaining  as 
now,  and  to  disseminate  such  seed  throughout  the  state,  that  the 
yields  for  farmers  may  be  proportionately  increased.  That  this 
can  be  done  there  seems  no  reason  for  doubt,  though  the  time 
required  to  accomplish  this  important  result  may  be  long. 

Twenty-three  bushels  per  acre  is  a  larger  average  by  several 
bushels  than  is  secured  by  farmers  of  the  state  from  seed  sim- 
ilar to  these  best  varieties.  With  a  better  system  of  field  man- 
agement, providing  for  crops  preceding  the  wheat  which  will 


Digitized  by  VjOOQIC 


COLLECTING  AND  TESTING  VARIETIES  OF  WHEAT.       357 


jpare  the  soil  for  the  wheat,  with  live  stock  to  make  more  ma- 
re, and  with  better  methods  of  tillage,  farmers  can  approach 
even  surpass  on  good  farms  the  average  yields  secured  on 
J  experiment  farms.  No  doubt  a  greater  increase  over  our 
isent  average  yields,  of  which  no  one  is  proud,  can  be  secured 
better  tillage  and  a  proper  rotation  of  crops  than  will  come 
«n  the  introduction  of  new  or  improved  varieties.  Our  farmers 
1  bring  average  3delds  of  common  Fife  and  Blue  Stem  wheat 
from  15  to  22  bushels  by  good  farming  just  as  well  as  the 
tion  has  done.  If  the  station  can  then  furnish  them  with  Fife 
Blue  Stem  or  cross-bred  varieties  so  improved  as  to  raise  these 
jrage  yields  five  bushels  higher,  profits  will  be  very  greatly 
reased.  It  is  not  expected  that  such  results  will  come  at  once, 
t  that  patient  experimenting,  and  patient,  extensive  educating 
1  eventually  win,  seems  possible. 

BEST  BLUE  STEM  AND  BEST  FIFE  VARIETY  OF  200. 

rhe  question  yearly  arises  in  our  experiment  work  as  to  which 
•ieties  shall  be  retained  for  use  and  increased  for  dissemination, 
connection  with  the  breeding  of  wheat,  it  is  necessary  also 
know  which  are  the  best  kinds  of  wheat  to  use  as  foundation 
cks  in  the  attempt  to  make  new  varieties.  Table  XXV.  gives  the 
most  fairly  comparable  yields  of  the  four  best  yielding  wheats 
collected.  The  average  yields,  grades,  weights  per  bushel  and 
ling  tests  of  these  four  wheats  to  date  afford  useful  compari- 
is.  In  yield,  Minn.  No.  146,  Bolton's  ^lue  Stem,  is  still  in  the 
d,  1.7  bushels;  Minn.  No.  51,  Haynes'  Blue  Stem,  stands  sec- 
1;  and  Minri.  No.  66,  Power's  Fife,  third;  while  Minn.  No.  105, 
mdon  711,  stands  last  in  yield. 

iolton's  Blue  Stem,  Minn.  No.  146,  also  ranks  best  in  grade, 
wer's  Fife,  Minn.  No.  66,  ranks  best  in  weight  per 
>hel.  Haynes'  Blue  Stem  showed  the  greatest  ability  to 
ist  rust  and  lodged  least  of  all  varieties.  Minn.  No.  105, 
rndon  711,  showed  a  bad  tendency  to  lodge.  Minn.  No.  66 
1  Minn.  No.  105,  Fife  wheats,  have  half  of  i  per  cent,  more 
gluten  than  the  two  Blue  Stem  varieties.    The  quality  of  the 
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gluten  in  Power's  Fife,  Minn.  No.  66,  was  estimated  as  superior 
in  the  gluten  test,  but  this  was  not  sustained  by  the  baker's 
sponge  test,  where  it  stood  lowest  of  the  four  wheats  in  the 
amount  of  rise  of  dough  from  each  gram  of  gluten.  In  total 
value  per  acre,  Minn.  No.  146,  Bolton's  Blue  Stem,  stands  out 
ab  the  best  for  use,  and  it  is  being  extensively  used  for  a  founda- 
tion stock  in  the  production  of  new  varieties  of  wheats. 

RUSSIAN  WHEATS  COLLECTED  IN  1 893-4. 

In  1893  and  1894,  a  number  of  wheats  were  collected  through 
cur  American  consuls  and  from  seed  dealers  in  Russia.  These 
were  grown  in  small  plots  in  1894.  In  all  cases  there  was  a  mix- 
ture of  varieties,  and  hand  sorting  was  resorted  to,  the  several 

TABLE  XXVI.— Yi«lds  of  Russian  Wheats  CoUected  In  1893-4. 
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15.9 

12.5 

19.1 

18.6 

19.3 

20.7 

22.0 

22.5 

25.3] 

types  being  picked  out  of  the  bundles  of  harvested  grain.  Nine 
of  the  most  promising  of  these  wheats  were  selected  for  field 
variety  tests.  In  1898,  four  of  these  were  discarded.  In  Table 
XXVI.  are  given  the  yields  per  acre  of  field  trials  of  the  remain- 
ing five  varieties  at  University  Farm  in  1897  and  1898. 

Minn.  Nos.  195  and  196  have  since  been  discarded  without 
further  test,  because  of  their  inferior  yield. 

In  Table  XXVII.  are  given  the  yields,  grades,  weights  per 
bushel  and  the  quality  of  the  grain  for  milling  purposes  of  the 
remaining  three  Russian  varieties.  Bolton's  Blue  Stem  and 
Power's  Fife  are  placed  in  the  table,  with  their  yields,  etc.,  com- 
piled, to  serve  as  standards  for  comparison. 
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is  plainly  shown  that  no  varieties  of  especial  promise  have 
I  gained  from  these  later  importations,  and  again  we  have 
d  to  find  North  European  varieties  of  hard  wheat  which  are 
1  to  our  commonly  used  varieties. 

WHEATS  COLLECTED  IN   1895  AND  1896. 

I  Table  XXVIII.  are  tabulated  the  results  of  trials  of  wheats 
cted  in  1895  and  1896.  In  some  instances  they  are  original 
«s  of  wheat  from  which  we  have  bred  new  varieties,  and 
are  again  planted,  that  their  newly  originated  progeny  may 
lirectly  compared  with  the  foundation  stocks.  Such  parent 
ities  are  Nps.  165,  168, 172, 294, 475, 476, 477, 479.     Nos.  183, 

LB  XXVII.--BiiMUn  Wheats.  Besoltsof  Tests  at  Univ.  Farm  in  1808. 
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67.6 


10.4 

8.1 

10.2 

12.8 
11.2 
14.4 
11.9 


Baker's  Spong^e  Test. 


Time.  M 


86 
88 
74 

111 

127 

97 

76 


40 
64 
28 

104 

126 

78 

27 


Volume  of  Rise. 


• 

s 


960 

760 

1000 

960 
1076 
1060 
1100 


600 
660 
660 

626 
600 
726 
600 


Prom  one 

Gram 
Gluten. 


aD.S 

0*0 
•  CI 

< 


74.6  67.7 
86.4  80.2 
78.6  49  O 


60.8 
79.6 
61.1 
68.9 


47.6 
63.6 
50.8 
63.8 


274,  275,  497,  457  and  458  are  varieties  which  have  been 
ght  to  our  attention  by  parties  interested  in  them. 

Saunders'  cross-bred  wheats,  received  in  1895. 
1895,  Dr.  Wm.  Saunders,  Director  of  the  Dominion  Experi- 
t  Farms,  Ottawa,  Can.,  sent  the  station  five  of  his  new  cross- 
wheats.  Tliese  were  tried  in  comparison  with  our  standard 
Its.  The  results  of  these  trials  are  collected  in  Table  XXIX., 
all  but  Minn.  Nos.  185  and  188  are  discarded  from  further 

Minn.  No.  188,  Preston,  gives  promise  of  large  yield  with 
quality,  exceeding  in  yields  most  of  our  best  collected  varie-' 

Minn.  No.  185,  Advance,  also  yielded  well,  and  proved  to 
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be  a  fairly  good  milling  wheat.     The  three  discarded  varietiei 
made  flour  of  good  quality,  especially  Mimi.  No.  i86.  Crown. 

In  Table  XXX.,  seven  yields  of  the  two  wheats  still  retainec 
ara^  given  in  comparison  with  our  best  two  collected  wheats  anc 
the  best  two  wheats  originated  in  our  field  crop  nursery.  Prestoi 
is  the  most  interesting  and  promising  variety  of  wheat  procurec 
outside  the  state,  and  it  bids  fair  to  be  a  strong  rival  of  our  bes 
Fife  and  Blue  Stem  wheats.  It  is  being  subjected  to  rigid  selec 
tion  in  our  field  crop  nursery,  that  new  varieties  may  be  producec 
from  it,  and  it  is  employed  as  a  parent  of  cross-bred  varieties. 


TABLE  XXX— Saunders' Oro88-Bred  Wheats  Beceived  in  1895. 

0 
>■ 
< 

s 

Standard  Wheats. 

Collected 

New 

Names  of  Varieties 

ill 

Minu.  Noa , 

1H 

00 
OQ 
H 

CD 

% 

fi 

CfJ 

O 

H 

$ 

Grown  at 

-r* 

rniversitv  Farm    1896 

18.7 
18.3 
23  0 
16.0 
16.5 
13.8 
33.0 

27.0 
20.6 
26.3 
19.3 
lfi.2 
17.2 
36.5 

21.4 
17.4 
24.0 
18.8 
20.7 
17.4 
32.0 

25.1 
21.6 
22.5 

19.8 
17.3 
35  3 

23.0 
19.9 
25.0 
20.3 
14.7 
15.4 
37.2 

25.0 

University  Farm    1897 

University  Farm.  1898 

N.  W.  Farm,  1H98 

24.3 
26.3 
22.5 

N.  E.  Farm.  1898 

South  Dakota,  1898 

North  Dakota.  1898 

19.3 
14.1 
38.4 

Averages 

19.9 

23.1 

21.7 

22.2 

24.3 

Advance,  Minn.  No.  185,  having  failed  to  keep  its  averag 
yield  up  to  the  best  standard  varieties,  would  be  discarded  hv 
for  the  fact  that  stocks  of  it  are  being  bred  in  the  field  cro 
nursery,  and  it  is  desirable  to  retain  the  original  stock  for  th 
purpose  of  future  comparisons  with  its  progeny. 

SAUNDERS'  CROSS-BRED  WHEATS  RECEIVED  IN    1896. 

In  1896  the  station  received  from  Dr.  Saunders  six  other  crosj 
bred  varieties,  which  were  grown  in  small  plots  in  that  year  an 
given  field  trials  in  1897  and  1898.  Four  varieties  which  ha 
yielded  poorly  in  1897,  and  were  not  especially  promising  at  hai 
vest  time  in  1898,  were  not  threshed  separately  in  the  latter  yea 
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and  were  discarded.      In  Table  XXXI.  are  given  the  results  of 
1897,  together  with  the  results  of  one  milling  test. 

Minn.  No.  454,  Dawn,  and  Minn.  No.  455,  Alpha,  were  har- 
vested in  1898,  and  the  results  of  the  three  years'  trials  of  these 
two  wheats  are  shown  in  Table  XXXII.  in  comparison  with  the 
yields  of  four  of  our  best  wheats.  Since  we  have  so  many  va- 
rieties of  greater  promise,  it  does  not  seem  wise  to  retain  either 
of  these  varieties  in  the  tests. 

ORIGINAL  FIFE  AND  BLUE  STEM   VARIETIES  VS.   BEST  NEW   WHEATS. 

When  the  comparison  of  varieties  of  wheat  had  continued  for 
some  years,  and  it  had  become  evident  that  Fife  and  Blue  Stem 
varieties  were  better  adapted  to  our  conditions  than  any  other 

TABLB  XXXXZ.— Beat  of  Saunders'  Oroas-Bred  Wheats  Received  in  1896. 


Dawn 
614 

Alpha 
455 

Standard  Wheats 

Collected 

New 

Minn.  Nos 

Power's 
Fife 
66 

Bolton's 
Blue 
Stem 
146 

Glyndon 
»ll 

163 

Haynes' 
Blue 
Stem 
169 

Grown  at 
Univ.  Farm  1896 
Univ    Farm  1897 
UniT.Farm  1898 

19.2 

17..S 
17,6 

17.4 
16,3 
20.« 

21.4 
17.4 
24.0 

25.1 
21.6 
22.5 

23.0 
19.9 
26.0 

25  0 
24.3 
«6.3 

ATcrag^es 

18.0 

18.1 

20.9 

22.0 

22.6 

25.2 

wheats  we  had  obtained,  it  seemed  best  to  try  to  determine  which 
of  these  two  classes  of  wheat  is  superior. 

In  Table  XXXIII.  are  summarized  the  yields  for  1897  and 
1898  of  six  original  stocks  of  Fife  and  six  of  Blue  Stem,  and 
with  them  are  placed  also,  for  comparison,  tnree  of  the  most 
promising  new  wheats  originated  in  our  field  crop  nurser}% 

MISCELLANEOUS    WHEATS. 

Goose  Wheat  is  a  variety  or  class  of  wheat  which  the  station 
was  urged  to  test  by  persons  who  had  taken  a  casual  interest  in 
it.  It  has  been  variously  named  in  the  current  literature  as  goose 
wheat,  rice  wheat,  kubanka,  ironutka,  etc.  Statements  have  been 
circulated  that  it  would  yield  30  to  50  bushels  per  acre,  and  that 
it  is  a  superior  crop  for  stock  food.  After  thorough  trials,  we 
deem  it  unfit  for  fiour,  and  too  poor  a  yi elder  for  a  stock  food. 
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The  gluten  in  its  flour  has  very  little  strength,  and  it  yields  less 
than  our  hard  wheats. 

Ladoga  Wheat  received  much  attention  a  decade  ago,  especially 
in  the  Canadian  Northwest.  This  wheat  was  used  with  good 
results  by  Dr.  Wm.  Saunders,  director  of  the  Canadian  experi- 
ment farms,  as  one  of  two  parent  varieties  in  producing  cross- 
bred wheats.  His  effort  was  to  produce  early  varieties  suited  to 
the  short  seasons  along  the  northern  borders  of  the  spring  wheat 
belt.  Minn.  No.  i88,  Preston,  and  Minn.  No.  185,  Advance,  (see 
Tables  XXIX  and  XXX),  were  thus  produced  by  crossing  Ladoga 
with  Fife  wheat,  and  they  botjj  show^  the  Ladoga  parentage  by 
their  bearded  character.  While  these  wheats  are  not  especially 
early,  they  have  proven  to  be  good  yielders.     ( See  Table  XXI.) 

Several  trials  of  Ladoga  wheat  in  Minnesota  resulted  in  poor 
yields  of  very  poor  wheat,  and  this  variety  was  discarded  with- 
out even  a  milling  test. 

Winter  Wheat  has  been  grown  but  little  in  Minnesota.  During 
recent  years  several  counties  in  the  southeastern  part  of  the  state 
have  produced  considerable  winter  wheat  of  a  variety  which  has 
generally  proven  hardy  and  has  yielded  about  fifty  per  cent,  more 
than  the  standard  varieties  of  spring  wheat.  Minnesota  is  cred- 
ited with  producing  larger  yields  of  winter  rye  per  acre  than  any 
other  state.  If  winter  wheats  could  be  secured  or  produced  suffi- 
ciently hardy  to  endure  the  winter  and  extend  the  winter  wheat 
belt  one  or  two  hundred  miles  further  to  the '  northward,  we 
could  e:q)ect  our  average  *  yields  of  wheat  to  be  materially  in- 
creased. We  have  already  collected  a  few  varieties,  and  have 
commenced  breeding  some  of  the  most  promising  ones  with  a 
view  of  obtaining  still  greater  hardiness,  as  well  as  the  increased 
yields.  Dr.  Otto  Lugger,  entomologist  of  this  station,  and  Dr. 
L.  O.  Howard,  chief  entomologist  of  the  National  Department 
of  Agriculture,  question  the  wisdom  of  bringing  winter  wheat 
northward.  They  express  the  belief  that  the  Hessian  fly 
will  follow  the  winter  wheat  and  spread  to  the  fields  of 
spring  wheat,  and  will  there  cause  enough  damage  to  more  than 
oflFset  the  value  of  the  increased  yields  of  the  winter  wheat.  This 
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5c  of  the  question  will  be  watched  with  great  interest,  and 
facts  may  warrant  the  restriction  of  winter  wheat  from  ccr- 
districts  where  spring  variiKties  mainly  are  grown. 

NEWLY  ORIGINATED  VARIETIES   OF   WHEAT. 

I  1892,  the  breeding  of  eight  of  the  best  varieties  of  wheat 
±  had  been  collected  by  the  Minnesota  experiment  station 
begun  by  W.  M.  Hays,  then  at  the  North  Dakota  experiment 

on.    Four  hundred  selected  kernels  of  each  of  the  eight  va-  ^    Am^^"^. 

es,  which    had    been   grown   at  Glyndon,  Clay  county,  the  •  J^ 

ious  year,  were  planted  at  Fargo,  N.  Dak.,  and  a  like  num-  ^''''v^r 

on  the  farm  belonging  to  J.  B.  Power  &  Son,  Power,  Rich-  ,      -'k^r  . 

1  Co.,  N.  Dak.    The  conditions  being  better  at  Power,  and  Y,^  ,J 

plants  more  uniform  in  size,  the  selection  of  plants  for  "moth-  n.:  ^ 

of  varieties  was  made  from  the  plots  at  that  place.    Besides  ^ .  ^ 

)sing  plant*!  from  which  to  originate  varieties  by  selection, 
lerous  crosses  were  made  both  at  Fargo  and  at  Power. 


HIRTY-ONE  NEW  WHEATS  FROM  SELECfED  MOTHER  PLANTS. 


;..^ 


r 


t^ 


he  method  of  planting  and  selecting  wheat  in  the  field  crop 
;ery,  when  first  begim  in  1892,  was  crude  in  many  ways, 
important  feature  of  dealing  with  the  individual  plant  in 
:tion  was,  however,  fully  recognized,  and  not  only  the  yield, 
the  quality,  of  the  grain,  and  other  characteristics,  were  taken 
account  in  selecting  plants  to  become  the  mothers  of  varieties. 
5ur  hundred  plants  of  each  of  eight  kinds  were  placed  on  very 
3rm  soil,  with  the  surface  nicely  pulverized.  The  seeds  were 
fully  chosen  from  bulk  grain, — heavy,  "hard"  kernels  of 
sr  large  size  being  selected.    The  seeds  were  planted  in  hills  { 

ve  by  eighteen  inches  apart,  making  the  plots  twelve  by 
feet  in  size.  One  kernel  was  placed  in  a  hill.  This  distance 
t  of  hills  has  since  been  found  too  great  for  the  best  results 
heat  breeding, — four  by  four  inches  being  preferred, 
le  plants  were  all  cultivated  until  in  flower,  when  strong 
is  were  chosen  for  male  and  female  parents  of  crosses  be- 
n  several  of  the  varieties.  When  the  grain  was  ripe  the 
ts  used  in  crosses  were  harvested,  so  as  to  obtain  the  yields 
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of  the  parents  of  the  various  cross-bred  kernels  which  had  re 
suited  from  the  cross-pollenated  flowers.  After  the  removal  o 
the  plants  which  had  been  used  for  parents  of  crosses,  each  plo 
was  carefully  inspected,  and  the  best  ten  plants  chosen  and  th 
spikes  from  each  plant  harvested  separately.  The  seeds  of  eaci 
plant  were  shelled  out,  and  the  net  weight  of  the  clean  grai: 
was  determined  for  each  plant.  From  the  eighty  plants  thu 
secured,  the  thirty-one  having  the  largest  yields,  and  of  superio 
quality,  were  chosen  to  plant  the  next  season.  In  1893,  ^"^  ^^^ 
dred  to  four  hundred  kernels  from  each  of  these  thirty-one  plant 
were  planted  at  Fargo  in  a  manner  similar  to  the  method  of  plani 
ing  in  1892.  When  this  wheat  was  ripe  the  best  ten  plants  wer 
chosen  from  each  plot,  and  from  these  the  best  plant  was  selectee 
^fter  weighing  the  clean  grain  as  in  1892.  Thus  the  best  plai 
was  secured  for  the  mother  of  a  plot  in  1894,  each  plot  c 
which  traced  back  through  a  single  plant  to  one  of  the  thirty-oi 
plants  chosen  in  1892.  The  breeding  of  these  thirty-one  stoct 
of  wheat  was  started,  and  in  case  of  each  of  those  proving  mo; 
promising  has  been  annually  continued  to  this  date.  The  be 
plant  of  one  generation  thus  becomes  the  mother  of  all  of  tl 
one  or  more  hundred  plants  of  the  next  generation.  Since  whe 
is  practically  self-fertilized,  the  "blood"  of  one  plant  is  kept  pui 
for  several  generations,  and  the  best  one  of  the  progeny  of  eac 
generation  is  chosen  to  become  the  double  parent  of  the  succee< 
ing  generation.  This  more  than  incestuous  breeding  seems  nati 
ral  to  wheat  plants.  In  a  manner  similar  to  that  described  und< 
the  next  heading  new  varieties  are  produced  by  increasing  tl 
wheat  from  the  mother  plant  chosen  every  fifth  generation  in  th 
line  of  continuous  annual  selection. 

BEST  EIGHT  VARIETIES  FROM   MOTHER  PLANTS  OF   1892. 

In  1893,  the  best  plant  was  first  chosen  from  each  of  the  thirt 
one  stocks  as  above  mentioned.    Then  the  poorest  one-fourth 
the  remaining  plants  was  discarded,  and  the  seed  from  the  i 
maining  plants  of  each  stock  was  saved  in  bulk.    This  sample 
seed  was  given  a  variety  name,  as  Minn.  No.  163,  Minn.  No.  i( 
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,  and  a  pint,  more  or  less,  of  seed  of  each  variety  was  planted  at 
iversity  Farm  in  1894,  in  a  small  plot,  to  increase  the  quantity 
;eed  to  a  sufficient  amount  for  field  variety  tests.  In  1895  and 
6,  the  thirty-one  new  varieties  were  tested  at  University 
m  in  twentieth  acre  plots.  Averages  of  these  two  yields  were 
le,  and  only  the  best  yielding  variety  from  each  original  kind 
1  retained.  In  1897  and  1898,  these  eight  varieties  thus 
sen  as  the  best  were  again  tested  at  University  Farm,  and  in 
8  all  of  them  were  tested  at  the  Northeast  Station,  the  North- 
t  Station  and  at  the  North  Dakota  Station,  and  a  few  of  them 
e  grown  by  the  South  Dakota  and  Iowa  Experiment  Stations. 
I  yields  of  these  varieties  for  all  years  and  stations  are  shown 
I'able  XXI.  under  Minn.  Nos.  149,  155,  157,  163,  167,  169,  171  ' 

181,  and  in  Table  XXXIV.  all  the  yields  which  are  compar- 

are  collected. 

able  XXXV.  gives  the  average  yields  per  acre,  grades,  weights 
bushel,  ability  to  resist  rust,  amount  and  quality  of  gluten, 
ilts  of  baker's  sponge  test  of  flour,  and  other  facts  concerning 
e  eight  new  wheats.  Beside  these  figures  similar  facts  for 
parison  are  given,  concerning  the  best  three  wheats  the  sta- 

has  collected  from  the  spring  wheat  growing  countries  of  the 
Id. 

:  is  worthy  of  mention  that  the  North  Dakota  Experiment 
ion  has  continued. the  work  started  there  in  1892  and  1893, 
naking  new  varieties  from  the  selected  and  the  cross-bred 
ks  above  mentioned.  That  station  has  about  fifty  of  the  best 
:ted  and  cross-bred  stocks,  each  of  which  has  been  selected 
le  best  mother  plant  since  1892,  ,1893  or  1894.  A  number  of 
choicest  stocks  were  harvested  in  bulk  in  1898,  with  a  view 
ticreasing  the  seed  in  1899  and  making  varieties  which  are 
t  tested  in  comparison  with  the  standard  wheats  found  to 
i  yielded  best  at  that  station.  Those  found  superior  are  to  be 
-ibuted  to  the  farmers  of  North  Dakota.  These  stocks  of 
at  appeared  very  promising  when  nearly  ripe  in  1898,  and 
e  several  valuable  varieties  have  been  branched  off  from 
same  stocks,  there  is  good   reason  to  hope  that  valuable 
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leats  for  the  Red  River  Valley  will  result.  It  will  be  of  in- 
est  also  to  compare  stocks  of  wheat  from  the  same  mother 
mt  of  1892  selected  for  several  years  at  the  widely  separated 
tions  of  Minnesota  and  North  Dakota. 

BEST  EIGHT  VARIETIES  OF  NEW  WHEATS  AT  UNIVERSITY  FARM. 

[n  Table  XXXVI.  are  summarized  the  yields  at  University 
rm  only  of  these  best  eight  new  wheats  in  comparison  with  the 
»t  four  out  of  200  collected  varieties. 

[t  will  be  observed  that  some  of  the  new  wheats  are  superior 
yield  to  all  of  the  old  wheats,  as  shown  by  the  averages  in 
bles  XXXIV.,  XXXV.  and  XXXVI.  In  grades,  weights  per 
shel  and  in  ability  to  resist  rust  and  other  charac- 
istics,  the  new  varieties  compare  favorably  with  the 
>t  old  kinds.  Some  of  them  are  comparatively  low  in  the  quan- 
i  and  the  quality  of  gluten.  As  a  rule,  they  rank  high  in  ,mill- 
[  quality,  as  shown  by  the  results  of  the  baker's  sponge  test 
^en  in  Table  XXXV.  Some  of  these  wheats  give  especial  prom- 
,  and  aU  of  them  are  good  varieties.  While  Minn.  No.  163, 
nn.  No.  169,  and  Minn.  No.  149  show  especial  promise,  others 
these  eight  wheats  may  prove  valuable  for  at  least  some  por- 
n  of  tlie  state  or  of  surrounding  states.  The  fact  that  each  of 
ise  wheats  yields  more  than  Power's  Fife  and  Haynes'  Blue 
*m,  and  that  only  four  of  them,  and  they  Fife  varieties,  are 
:eeded  by  our  best  yielding  old  variety, — Bolton's  Blue  Stem, — 
most  encouraging.  Here  is  certainly  positive  evidence  that 
Jerior  varieties  have  resulted  from  this  effort  at  the  systematic 
leding  of  wheat  by  selection. 

SEVEN  VARIETIES  FROM  MOTHER  PLANTS  OF  1892-3-4. 

In  Table  XXX VII.  are  tabulated  the  yields  of  seven  wheats 
lich  were  selected  in  the  nursery  during  1892,  1893  ^^^  1894. 
le  best  Fife  and  the  best  Blue  Stem  collected  prior  to  1894, 
d  the  best  new  Fife  and  the  best  new  Blue  Stem  variety  men- 
ned  in  Table  XXXIV.,  are  also  placed  in  this  table  as  stand- 
is  with  which  to  compare  these  new  wheats.     None  of  these 
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:ven  wheats  as  yet  give  promise  of  especially  good  yields,  though  *wf^ 

est  of  them  are  worthy  of  further  trial. 
In  Table  XXXVIII.  are  given  the  summarized  facts  regarding 
e  yields,  g^des,  milling  tests,  etc.,  of  these  seven  new  wheats 
comparison  with  several  of  the  stocks  of  wheat  from  which  jblikiii  -T 

ey  came.  '     '•    "   ' 

OUT-CROSSED  AND  IN-CROSSED  VARIETIES.  ( 


Ji*^' 


In  1892,  many  of  the  strongest  plants  in  the  field  crop  nursery 
ere  artificially  cross-pollenated.  Out-crosses  were  thus  made 
tween  plants  of  different  varieties  and  in-crosses  between  plants 
the  same  variety.  Each  of  the  loi  seeds  thus  produced  in  1892 
is  planted  by  itself  in  the  field  crop  nursery  in  1893,  and  a  number 
vren  the  resulting  plant.     Through  an  accident,  about  two-thirds 

the  resulting  plants  were  destroyed.  Those  remaining  were 
rvested  separately,  and  full  notes  were  recorded  of  each.  Only  a 
rt  of  the  out-crosses  proved  to  be  true  crosses.  A  Blue  Stem  va- 
jty  with  hairy  chaff  had  been  used  for  the  male  parents  in  all  the 
t-crosses,  and  all  the  female  parents  were  smooth-chaffed  varie- 
s.  Where  the  resulting  plants  were  marked  by  the  hairy  chaff 
the  male  parent,  the  proof  of  a  true  cross  has  been  regarded  as 
rtain.  Where  the  chaff  remained  smooth,  not  show- 
g  the  character  of  hairy  chaff  from  the  male  parent 
thin  two  years  fecundation  has  been  regarded  as  having  result-  Jjl 

from  self-pollenation,  and  the  varieties  have  been  discarded 
Dm  further  trial,  or  if  especially  promising  have  been  classed 
th  the  new  varieties  by  selection  alone. 

From  each  cross-bred  plant  grown  in  1893,  one  hundred  or  more 
sds  were  planted  in  1894.  The  best  plant  was  chosen  in  each  of 
lumber  of  cases,  and  from  these  one  or  more  hundreds  of  seeds 
jre  planted  in  1895.  After  selecting  the  best  plants  with  which 
continue  the  breeding,  and  discarding  the  poorer  ones,  the  re- 
linder  of  the  plants  of  each  stock  were  harvested  in  bulk  and 
mted  in  a  small  field  plot  in  1896.  From  these  plots  sufficient 
id  was  produced  so  that  in  1897  a  twentieth  acre  plot  of  each  was 
own  at  University  Farm.     In  1898,  these  varieties  were  again 
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tested  at  University  Farm  and  at  Northwest  Farm.  In  Table 
XXXIX.  the  yields  of  three  out-crosses  and  three  in-crosses  are 
tabulated.  With  them  are  placed  the  best  parent  Fife  variety, 
Minn.  No.  66,  and  the  best  two  new  Fife  varieties,  Nos.  149  and 
163,  also  the  best  new  Blue  Stem  variety,  No.  169. 
It  will  be  observed  that  some  of  the  in-crosses  and  also  some  of 
ill  ^^^  out-crosses  have  made  very  creditable  yields  in  comparison 

'"  with  our  best  varieties.  These  results  indicate  that  useful  varieties 

of  wheat  may  be  originated  from  single  carefully  selected  mother 
plants  one  generation  from  the  cross.  It  by  no  means  follows  that 
it  is  the  wiser  course  to  start  at  once  new  varieties,  rather  than  to 
continue  the  selection  of  newly  crossed  stocks  to  a  single  best  plant 
out  of  one  or  more  hundreds  for  each  of  several  generations  before 
using  a  single  plant  as  a  mother  of  a  new  variety,  or  to  first  grow 
the  cross-bred  wheats  in  the  field  for  a  few  years,  and  then  sub- 
|«    /j  ject  them  to  extensive  nursery  selection  before  increasing  into 

a  variety.  It  must  be  said,  however,  that  while  these  new  out- 
crossed  wheats  are  known  to  be  true  crosses,  they  have  shown  very 
little  tendency  to  vary  or  revert  to  types  other  than  the  type  of  the 
1894  mother  plant,  of  the  second  generation  after  the  cross,  from 
which  they  originated. 

In  only  one  of  the  in-crossed  wheats  have  we  evidence  of  there 
being  a  true  cross.  Minn.  No.  292,  Risting's  Fife  X  Risting*s 
Fife,  (Minn.  No.  476  X  Minn.  No.  476),  is  a  much  lighter  col- 
ored wheat  than  the  parent  variety,  and  presumably  the  changed 
color  is  a  variation  resulting  from  the  cross  between  two  plants 
of  the  same  variety. 

It  is  not  to  be  expected  that  even  under  a  most  rigid  selection  of 
plants  in  the  nursery  that  all  resulting  cross-bred  varieties  will 
prove  valuable  when  subjected  to  field  trials.  That  a  majority  of 
the  six  thus  far  tried  give  promise  of  being  among  our  best  wheats 
gives  a  basis  for  the  hope  that  by  systematic  cross-breeding  fol- 
lowed by  rigid  selection  varieties  may  be  originated  which  will 
prove  superior  not  only  to  the  best  parent  wheats  collected,  but  su- 
perior also  to  the  best  wheats  originated  by  selection  alone.  Ex- 
periments mentioned   elsewhere   demonstrate  that  greater  varia- 
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tion  is  produced  by  crossing  than  occurs  in  wheat  permitted  to 
self-fertilize. 

Rigid  selection  of  these  cross-bred  stocks  through  a  series  of 
years  will  doubtless  result  in  finding  those  plants  which  are 
adapted  to  becoming  the  progenitors  of  heavy  yielding  varieties  of 
good  quality.  This  selection  includes  ( i )  the  choice  of  the  best 
yielding  plants  bearing  good  grain  in  the  nursery,  (2)  the  varieties 
yielding  best  in  the  variety  field  trials,  and  (3)  those  proving  to 
have  high  quality  in  the  milling  tests.  In  Table  XL.  are  given 
the  summarized  facts  relative  to  yield,  grade,  milling,  and  baking 
qualities,  etc.,  of  these  six  cross-bred  wheats. 

NEW    WHEATS    COMPARED    WITH    PARENT   VARIETIES. 

In  Tablfes  XLI.  to  L.,  inclusive,  the  yields  of  several  new 
wheats  are  tabulated  beside  the  yields  of  the  varieties  from  which 
they  came.  Some  of  tht  new  varieties  do  not  appear  here  be- 
cause the  parent  variety  has  been  discarded  from  the  variety  tests. 

In  Table  XLI.,  Minn.  No.  161  is  shown  to  yield  slightly  less 
than  its  parent  variety.     This  new  variety  was  originated  from  a 


TABLE  XLI.-Mian.  No.  161  Compared  with  its  Parent  Variety. 
Haynes'  Blue  Stem. 
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single  plant  of  Haynes'  Blue  Stem  gro\tn  in  1892,  in  a  similar 
manner  as  the  eight  varieties  given  in  Table  XXXIV.  were  origin- 
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:ed.     It  has  been  discarded  from  further  trial  because  of  its  poor 
ielding  qualities. 

In  Table  XLIL,  another  variety,  Minn.  No.  169,  originated  at 
le  same  time  and  from  the  same  parent  variety  as  Minn.  No.  1.61, 
lentioned  above,  but  from  a  different  mother  plant,  is  compared 
ith  the  parent  variety.  In  colpmns  two  and  three  are  given 
ields  at  University  Farm,  Northeast  Fafm,  South  Dakota  Ex- 
iriment  Station  and  at  the  Iowa  Experiment  Station,  with  the 


kBLB  Xlill.-lKinn.  Ko.  109  Oompared  with  its  P«rent,  Haynes 
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TABLB  XLIII.— 1 


[ixui.  Ko.  149,  Oompared  with  Its  Parent  Variety, 
Power's  Fli^ 
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verage  for  eight  yields.     Here  the  increased  yield  of  the  new 
heat  over  its  parent  is  2.8  bushels  per  acre.     In  columns  four  and 
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five,  four  yields  are  given  at  University  Farm  only.  Here  the 
average  shows  an  increased  yield  in  the  new  wheat  of  5.8  bushels 
per  acre  over  its  parent. 

This  is  the  most  promising  of  all  the  newly  originated  wheats. 
Being  a  Blue  Stem  variety,  it  will  doubtless  become  popular  in  the 
southern  two-thirds  of  the  state. 

In  Table  XLIIL,  in'  like  manner  Minn.  No.  149  is  compared 
with  No.  66,  Power's  Fife,  the  variety  from  which  it  was  origin- 
ated. Averaging  the  eight  yields,  at  the  several  farms,  the  in- 
creased productiveness  of  the  new  variety  over  the  parent  is  shown 
to  be  1 .4  bushels  per  acre,  and  averaging  the  four  yields  at  Univer- 
sity Farm,  the  increased  yield  is  4.2  bushels. 

In  Table  XLIV.,  Minn.  No.  477,  McKendry's  Fife,  is  com- 
pared with  three  of  its  progeny.  Only  the  two  yields  for  1897  and 
1898  at  University  Farm  are  available  for  the  comparison. 


1 


TABLE  XLIV.-Minn.  Kos.  181.  284  and  288  Compared  with  thair 
Parent  Variety,  KoKendry's  Fife. 


\v                                                     ►. 
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26.5 

14.8 
16.6 
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Minn.  No.  i8i  was  originated  from  a  mother  plant  grown  ii 
the  nursery  in  1892.  It  shows  an  increased  yield  of  two  bushel 
per  acre. 

Minn.  No.  284  was  selected  in  the  nursery  in  1892,  1893  an< 
1894,  being  multiplied  from  the  single  mother  plant  grown ^in  189^ 
Here  we  have  the  remarkable  decrease  in  yield  of  5.3  bushels  pc 
acre. 

Minn.  No.  288  is  from  a  flower  pollenated  with  pollen  from 
plant  of  the  same  variety  in  1892.    The  cross-bred  plant  wa 
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vn  in  1893,  and  from  it  in  1894, 100  plants  were  grown.  From 
ng  these  the  best  plant  was  chosen  as  the  mother  plant  of  this 
ety.  The  average  increased  yield  here  is  shown  to  be  1.8 
lels  per  acre. 


LBLB  XI^V.— Kinn.  Ko.  276  Oompared  With  Its  Parent  Variety, 
Power's  Fife. 
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1.0 

1  Table  XLV.,  Minn.  No.  66,  Power's  Fife,  is  compared 
I  Minn.  No.  276,  which  was  originated  from  the  Power's  Fife 
lie  nursery.  It  was  selected  in  1892,  1893  and  1894,  the  best 
It  being  retained  in  1894  for  a  mother  plant.  A  decrease  in 
d  of  one  bushel  per  acre  is  shown. 


'ABLE  XLYI.-Xinn.  Ko.  288  Oompared  with  its  Parent  Variety, 
Haynee'  Blue  Stem. 
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0.1 

1  Table  XLVI.,  Minn.  No.  283  is  compared  with  its  parent 
ety,  Minn.  No.  51,  Haynes'  Blue  Stem.  This  new  variety 
subjected  to  nursery  selection  in  1892-4,  inclusive,  originating 
1  a  best  plant  grown  in  1894.  The  decreased  yield  here  shown 
:  bushel  per  acre. 


I 


Digitized  by  VjOOQIC 


I 


384       COLLECTING  AND  TESTING  VARIETIES  OF  WHEAT. 

In  Table  XLVIL,  Minn.  No.  476,  Risting's  Fife,  is  compare 
with  three  varieties  which  have  sprung  from  it.  Minn.  No.  17 
was  originated  by  selecting  the  best  plant  of  Risting's  Fife  in  th 


TABLE  XLVn— Minn.  Nos.  171,  292  and  203  Compared  with  the 
Parent  Variety,  RiBtinff*8  Fife. 


^\             1? 
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Plant. 

In -cross  of 
1892. 1894 

Mother 
Plant. 

In -cross  of 

1892.  1«9J 

Mother 

Plant. 

Minn.  No. 476 
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VTt, 


nursery  in  1892  for  a  mother  plant.     A  decreased  average  yield  0 
seven-tenths  of  a  bushel  per  acre  is  here  shown. 

Minn.  No.  292  is  the  result  of  an  in-cross  made  in  1892  be 
tween  two  plants  of  Risting's  Fife.  The  plant  resulting  from  thi 
cross  was  grown  in  1893,  and  from  it  100  plants  were  grown  ii 


TABLE  XLVm.— Minn.  No.    287   Compared  With   Ita  Parent  Varletj 
McKiSBick'8  Fife. 


X 
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McKissick's  Fife 

Grown  at 
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from 
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Mother  Plnn 
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25.0 

Averages 

22.5 

20.4 
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2  1 

1894.  From  the  best  plant  of  this  100,  some  900  plants  wen 
grown  in  1895,  and  of  these  the  best  300  were  selected  and  thi 
grain  from  them  planted  as  a  variety  in  1896.     This  variety  h 
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oubtless  the  result  of  a  true  in-cross,  since  the  berry  is  of  a  much 
ghter  color  than  the  parent  wheat.  The  averages  show  an  in- 
reased  yield  of  1.2  bushels  per  acre. 

Minn.  No.  293  had  its  origin  in  the  same  manner  as  292,  cj^-. 
opting  that  its  1893  cross-bred  parent  plant  originated  from 
•ossing  two  other  Risting's  Fife  plants  than  those  used  in  pro- 
ucing  the  parent  plant  of  No.  292.  A  marked  decrease  in  yield 
F  4.1  bushels  per  acre,  as  compared  with  the  parent  variety,  is 
lown  in  the  averages.  In  this  case  there  is  no  satisfactory  evi- 
ence  that  this  variety  is  the  result  of  a  true  cross. 

In  Table  XLVIIL,  Minn.  No.  475,  McKissick's  Fife,  is  com- 
ared  with  Minn.  No.  287,  which  was  originated  from  a  single 
lant  of  McKissick's  Fife  in  1894.  This  mother  plant  was  from 
nursery  stock  which  had  been  selected  to  the  best  plant  in  1892 
id  1893.  A  decreased  yield  of  2.1  bushels  per  acre  is  here 
lown. 


TABLE  XIiIX.— Klnn.  Ko.  168  Compared  with  the  Parent  Variety, 
Olyndon  811. 


ariety 

Grown  at 

livcrsity  Farm,  1895 , 

aivcrsity  Farm,  1896 , 

niversity  Farm,  1897 

Averages 

Gain 


Glyndon 

811. 

Minn. 

No.  168. 


42.2 
19.0 
16.3 


26.8 


Minn. 
No.  163. 


42.7 
23.0 
19.9 


28.S 


+2.7 


In  Table  XLIX.,  the  promising  new  wheat,  Minn.  No.  163, 
compared  with  its  parent  variety,  Minn.  No.  168,  Glyndon  811. 
his  parent  variety  was  one  of  the  wheats  grown  at  Glyndon, 
linn.,  in  1891.  It  has  every  appearance  of  a  Fife  wheat,  and 
robably  was  originally  collected  in  this  country,  though  its  name 
as  lost  by  fire.  The  average  of  three  yields  shows  an  increase 
f  2.7  bushels  per  acre.  Arrangements  were  made  with  numer- 
us  farmers  and  seedsmen  to  grow  this  wheat  in  1899  and  sell  it 
Dr  seed  to  the  farmers  of  the  state. 
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In  Table  L.,  is  given  a  summary  of  the  increase  or  de- 
Tease  of  the  new  varieties  over  the  parent  kinds  as  shown  in 
rabies  XLI.  to  XLIX.  Out  of  the  thirteen  wheats  thus 
ompared  six  give  promise  of  increased  yield,  while  with  seven  a 
lecrease  of  yields  has  resulted.  The  average  increased  yield  of 
he  six  improved  wheats  is  1.98  bushels  per  acre.  The  average 
lecreased  yield  of  the  poorer  new  wheats  is  1.92  bushels.  Minn, 
^o.  293  shows  the  most  marked  variation  in  yield,  and  that  a  ret- 
ograde  variation.  Minn.  No.  169  shows  the  most  pronounced 
ncrease  in  yield.  This  table  gives  the  most  positive 
evidence  that  marked  variation  occurs,  both  towards  better  and  to- 
wards poorer  yields.  Where  variation  occurs  improvements  may 
ye  effected,  A  comprehensive  detailed  plan  of  operations  dili- 
gently and  accurately  carried  out  for  a  long  series  of  years  can- 
lot  fail  to  very  materially  increase  the  productiveness  and  the 
quality  of  wheat  or  any  other  crop. 

METHODS  OF  DISSEMINATING  NEW  VARIETIES. 

The  work  of  originating  new  varieties  of  seeds  after  plans  men- 
ioned  above  brings  out  a  new  element  in  seed  distribution.  There 
s  needed  a  method  of  retaining  the  identity  of  varieties  which  re- 
;emble  their  parent  varieties  in  appearance,  differing  only  in  yield 
ind  quality  of  grain.  Since  their  identity  cannot  be  retained  by 
)otanical  description,  it  must  be  done  historically.     The  seller  or  J^ 

)urchaser  of  the  seeds  of  a  given  variety  needs  a  means  of  tracing  w 

he  seed  back  to  its  source.  t 

.* 

In  sending  out  kinds  of  plants  which  have  not  been  broken  up  f 

nto  varieties  or  sub-varieties  similar  in  appearance,  as  timothy  or 
orchard  grass,  the  seeds  may  quite  properly  be  sent  out  under  their 
specific  names.  With  our  new  Fife  and  Blue  Stem  wheats,  or 
writh  most  of  our  newly-originated  varieties  of  bromus  or  timothy, 
this  would  lead  to  a  confusion  of  names  and  stocks  of  the  seed. 
The  original  variety  might  easily  be  passed  off  for  the  new  and 
better  jrielding  kinds. 

In  case  of  open  fertilized  plants  like  corn,  timothy,  brome  grass 
3r  millet,  small  samples  sent  from  the  station  would  often  be 
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planted  beside  fields  of  common  stocks  of  the  same  kind  of  plants. 
Thia  would  result  in  cross-breeding,  and  the  improved  characters 
of  the  new  varieties  would  be  modified  by  the  more  prepotent  race 
characters  of  the  common  kinds,  and  the  improved  characters 
would  thus  be  nearly  destroyed. 

The  plan  we  have  devised  for  the  distribution  of  our  promising 
varieties  is  outlined  as  follows:  Several  men  in  each  county, 
preferably  graduates  of  the  School  of  Agriculture,  are  encouraged 
to  become  growers  of  certified  seeds  of  field  crops.  Men  are 
chosen  who  have  good  land,  and  who  rotate  their  crops  in  a  man- 
ner to  give  the  best  possible  conditions  for  seed  growing.  Those 
who  keep  live  stock  that  they  may  grow  a  goodly  proportion  of 
crops  which  enrich  the  farm  and  clean  the  land  of  weeds,  who  are 
business-like  in  their  dealings,  and  who  have  the  confidence  of 
their  neighbors,  are  desirable  seed  growers. 

Arrangements  are  made  with  these  farmers  to  gfrow  seeds  of 
varieties  which  the  state  experiment  station  has  tested  until  it  is 
assured  that  they  will  succeed  in  the  counties  to  which  they  are 
sent.  It  seems  wise  to  send  out  comparatively  few  varieties,  and  to 
do  all  the  preliminary  testing  at  University  Farm  and  at  the  sub- 
station farms.  The  seeds  are  to  be  sold  in  some  quantity,  usually 
in  bushel  or  bag  lots,  that  each  seed  grower  or  farmer  may  grow 
them  in  fields  rather  than  in  small  patches,  and  the  station  desires 
that  modest  but  remunerative  prices  be  asked  and  given  for  these 
certified  seeds. 

It  is  believed  that  under  this  plan  each  new  variety  will  be  more 
rapidly  multiplied,  if  it  proves  valuable,  than  if  the  station  were  to 
break  the  first  lot  of  seeds  up  into  small  packages  and  send  them  , 
out  free  of  cost.  Paying  a  reasonable  price  for  a  new  variety  of 
grain,  thus  well  vouched  for,  would  cause  the  new  owner  to  take 
an  interest  in  it.  A  small  profit,  say  twenty-five  cents  per  bushel 
on  seed  wheat,  would  repay  the  seed  grower  for  his  extra  work  in 
growing,  caring  for  and  cleaning  seeds  for  sale  to  the  other  farm- 
ers in  the  county.  The  farmers  securing  these  new  varieties  from 
our  seed  growers  could  make  a  small  margin  of  profit  by  selling 
these  certified  seeds  to  still  other  neighbors.  It  seems  practicable 
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•  the  Station  to  supply  blank  certificates  with  descriptions,  which 
Dwers  could  sign  and  give  with  each  quantity  of  seed  sold,  thus 
jrtifying"  it  to  be  the  variety  described  on  the  certificate.  To 
Did  errors,  seed  growers  could  occasionally  submit  specimens  of 
;  plants  and  seeds  to  the  experiment  station  for  comparison  with 
i  original  sample.  Those  purchasing  direct  from  the  experi- 
int  station  might  be  required  to  send  samples  to  the  station  to  be 
id  as  a  record  of  the  fact  of  their  having  received  the  variety  in- 
ided  for  them.  Seed  firms  within  the  state  should  be  aided  to 
:ure  stocks  of  the  new  varieties  that  tiiey  might  also  propagate 
tm  for  sale.  We  have  no  other  agency  so  efficiently  organized 
r  distributing  useful  seeds,  and  their  full  co-operation  is  desir- 
le.  Their  facilities  for  advertising  a  new  stock  of  seeds  are  super- 

•  to  any  other  medium,  and  the  financial  interest  of  the  seed  com- 
nies  would  cause  them  to  procure  these  well-tested  varieties  and 
vertise  them  for  sale.  Seedsmen  and  nurserymen  properly  argue 
It  each  firm  cannot  afford  to  test  all  the  new  varieties.  Instead 
so  many  experimental  grounds,  the  experiment  station,  with  its 
tter  equipment,  can  do  the  larger  part  of  the  work.  Likewise 
e  station  can  best  originate  or  secure  and  thoroughly  test,  and 
ally  certify  to  the  value  of  se^ds  of  field  crops,  and  thus  insure 
od  stocks  for  the  farmers  and  a  more  satisfactory  business  to  the 
ed  merchant. 


rABLB  XJ.-]Kl]m.  No.  168  Ooi^Bared  with  Best  Fife  and  Blue 

Stem  Wheats. 
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Power's  Fife 

26.3  21.4 
3S.3|2S.l 

17.4 
21.5 

24.0 
22.5 

32.0 
85.3 

17.4 
17.3 

20.7 

19.3 

7.0 
6.8 

166.2 
182.6 

20.8 

Bolton't  BItie  Stem 

22  8 

A  New  Variety 

42.7I23.O 

19.9 

25.0 

37.2 

15.4 

14.7 

8.0 

185.9 

28.2 

Power'!  Fife 

26.3 
35.8 
42.7 

21.4 
25.1 
23.0 

17.4 
21.5 
19.9 

24  0 
22.5 
25.0 

f       Yieldt  at       1 

89.1 
104.4 
110.6 

22.8 

Bolton't  Bine  Stem 

26.1 

8 

A  New  Variety 

27.7 
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A  blank  certificate  is  used  by  the  station  in  selling  seeds  to  its 
list  of  recommended  farmers  who  have  been  chosen  to  assist  in 
the  introduction  of  new  varieties.  It  is  designed  to  supply  these 
men  with  a  number  of  these  blank  certificates,  which  they  in  like 
manner  may  fill  out  to  go  with  the  wheat  to  fanners  to  whom  they 
in  turn  sell  the  seed  of  varieties  supplied  to  them  by  the  station. 
The  circular  briefly  states  whatever  is  known  of  the  origin,  the 
method  of  breeding,  the  general  character  of  the  plant,  the  com- 
parative yield,  the  grade,  the  milling  qualities  and  other  facts 
which  may  be  known  about  the  variety.  A  circular  prepared  to 
accompany  Minn.  No.  163  wheat,  a  few  hundred  bushels  of  which 
is  being  distributed  for  planting  in  1899,  contains  the  Table  LI., 
comparing  the  yields  of  that  wheat  with  our  best  collected  Fife 
and  best  collected  Blue  Stem  wheats.  The  following  form  of 
blank  certificate  is  also  attached  to  this  circular,  and  is  properly 
filled  out  for  those  purchasing  this  wheat : 

CERTIFICATE  OF  MINNESOTA  NO.    163   WHEAT. 

/  hereby  certify  that  the  seed  wheat  sold  by  me  and  marked  or- 
der No on  this day  of  the  month  of in 

the  year to , County,  Minnesota,  was 

originated  and  raised  by  the  State  Experiment  Station,  and  is  be- 
ing disseminated  under  the  name  of  Minnesota  No.  163,  as  de- 
scribed in  the  circular  attached  hereto;  and  that  this  sample  has 
been  kept  free  from  admixture  with  other  varieties  of  wheat. 


Agriculturist, 
St.  Anthony  Park,  Minn. 
>  1899. 
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ME  BOTANICAL  CHARACTERISTICS  OF  WHEAT. 


'here  are  some  features  of  the  botany  of  wheat  in  relation  to 
ning  which  are  worthy  of  attention.  The  farmer  needs  a 
wledge  of  the  roots,  the  leaves  and  the  kernel  of  the  wheat,  that 
nay  understand  preparing  the  land  for  this  cereal,  and  better 
w  how  to  sow,  harvest  and  preserve  the  crop.  The  wheat 
ider  also  needs  to  know  the  general  anatomy  and  physiology  of 
wheat,  and  he  especially  needs  a  knowledge  of  the  structure 
functions  of  the  floral  organs. 

BOTANICAL  RELATIONS  OF  WHEAT. 

he  relation  of  wheat  to  other  classes  of  plants  will  not  be  en- 
d  upon  extensively  here.  Mr.  Warren  W.  Pendergast,  when 
udent,  adapted  from  Haeckel's  "The  True  Grasses"  Table  LII^ 
mng  the  thirteen  tribes  of  the  great  grass  family.  From  the 
e  book  he  also  adapted  Table  LIII,  showing  (i)  the  six  sub- 
es  of  the  tribe  Hordeae;  (2)  the  five  genera  of  the  sub-tribe 
•ice«;  (3)  the  two  sections  of  the  genus,  Triticum;  (4)  the 
e  spedes  of  the  section,  Sitopyrus;  (5)  the  three  races  of  Tr. 
\vum  and  (6)  the  four  principal  sub-races  of  the  race,  Tr. 
vum  tenax. 

his  elaborate  classification  of  the  genus  Triticimi  is  necessi- 
d  by  the  numerous  forms  into  which  wheat  has  become  diifer- 
ated,  in  part,  since  coming  under  the  influence  of  man. 
he  species  first  mentioned,  Triticum  monococcum,  is,  as  the 
le  implies,  one  seeded,  and  is  so  different  from  the  common 
aes  of  wheat,  Tr.  sativum,  that  the  two  have  not  been  success- 
or cross-fertilized. 

he  third  species,  Tr.  Polonicum,  is  evidently  not  so  distant  in 
relationship,  and  an  occasional  fertile  flower  may  be  secured 
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ross-pollenating  it  with  Tr.  satimim,  mir  common  species.  Our 
'gies  so  far  have  been  directed  to  making  crosses  between  the 
widely  differing  varieties,  and  even  there  the  variation  is  con- 
rable  and  seems  to  be  more  often  backward  or  downward  than 
ard  useful  forms.  Since  the  Polish  wheats  have  not  shown  an 
stability  to  our  climate  and  soils  the  chance  of  securing  useful 
ses  between  them  and  our  best  wheats  is  very  remote, 
he  races  of  spelt  wheat,  Tr.  sat.  spelta,  have  not  shown  an  abil- 
;o  yield  well  either  at  University  Farm  or  at  Northeast  Farm, 
re  Mr.  Pendergast  tried  one  of  them,  thinking  it  might  prove 
:ul  on  light  soils,  such  as  these  wheats  are  grown  on  in  north- 
Spain.  At  University  Farm  it  has  been  much  worse  affected  by 

than  our  common  Blue  Stem  and  Fife  varieties, 
he  sub-races  of  the  sub-species  or  race,  Tr.  sat.  tenax,  are  not 
equally  well  adapted  to  our  conditions. 

)ur  common  bearded  and  smooth  wheats,  both  winter  and 
ng  varieties,  belong  to  the  race  first  named  in  the  last  column 
he  chart,  Tr.  sat.  vulgare.     Haeckel  remarks  that  the  charac- 

of  these  four  sub-races  overlap.  Each  of  these  sub-races  is 
ken  up  into  many  varieties,  some  of  which  are  probably  the  re- 

of  crosses  between  the  sub-races.  Common  wheat,  Tr.  sat. 
lare,  has  been  known  since  ancient  times,  grains  having  been 
rovered  in  the  Egyptian  Pyramids,  and  the  assumption  is  safe 
t  this  sub-race  lias  been  very  much  modified  by  man. 
y.sat.  compactum,  "Dwarf  wheat,"  or  "Hedgehog  wheat," 
eckel  satys,  was  found  in  the  ruins  of  the  old  lake  dwellings  of 
)enhausen. 

Neither  of  the  sub-races,  Tr.  sat.  turgidum,  English  wheat,  nor 
sat.  durum,  Flint  wheat,  have  made  any  progress  toward  gen- 
I  cultivation  in  the  middle  Northwest.     Mr.  M.  A.  Carlton,  spe- 

agent  of  the  Department  of  Agriculture,  Washington,  D.  C, 

expressed  the  hope  that  durum  wheats  might  be  a  good  source 
rust-resistant  blood  to  use  in  crosses  with  the  common  wheats 
some  sections  of  this  country. 

)ur  experiments  have  demonstrated  the  superiority  for  our  con- 
ons  of  the  Blue  Stem  and  Fife  wheats,  which  are  varieties  of 
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Tr.  sat  viilgare.  These  varieties  yield  the  most  wheat  of  the  be 
quality,  and  are  the  most  rust  resistant  ut  aii  which  we  have  trie 
Doubtless  this  power  of  rust  resistance  is  the  main  reason  wl 
these  wheats  have  proven  themselves  best  on  our  experime 
farms,  and  among  our  farmers.  The  rust  is  an  ever-present  di 
ease,  and  varieties  which  have  rusted  badly  have  always  giv< 
poor  yields  and  wheat  of  poor  quality.  Blue  Stem  is  more  ru 
resistant  at  University  Farm  than  is  Fife  wheat,  and  no  doubt  i 
better  yields  here  and  among  the  fanners  of  Minnesota  are  in  larj 
part  due  to  this  characteristic.  While  other  varieties  are  beii 
used  in  the  effort  to  find  or  make  better  kinds,  our  variety  testii 
and  breeding  is  centering  more  closely  in  these  two  wheats. 
many  respects  these  wheats  are  similar,  yet  in  their  relationshi 
they  are  quite  distant,  as  is  clearly  shown  by  the  great  variati< 
of  their  cross-bred  progeny,  and  also  by  the  fact  that  Blue  Ste 
has  hairy  chaff,  while  the  chaff  of  the  Fife  is  smooth. 

An  era  of  producing  new  varieties  of  wheat  by  crossing  h 
evidently  set  in,  one  man,  Mr.  Wm.  Farrar,  having  sent  us  fif 
new  cross-bred  wheats  at  one  time  from  Australia.  The  sek 
tion  or  "roguing"  to  which  we  subject  newly  received  varieties, 
reduce  them  to  type  changes  them  somewhat,  and  a  description  > 
might  publish  would  not  apply  to  the  stock  of  wheat  in  the  han 
of  other  parties.  No  attempt  can  be  made  in  this  bulletin  to  pu 
lish  descriptions  of  our  many  wheats,  and  their  value  if  pu 
lished  would  not  be  great. 

The  nomenclature  of  wheat  in  our  grain  markets  is  compar 
tively  easy  when  we  have  little  else  than  Fife  and  Blue  Stem,  b 
with  the  multiplication  of  varieties  the  confusion  of  names  will 
great.  Botanists  and  teachers  often  give  an  undue  proportion 
their  attention  to  the  botanical  characters,  and  too  little  to  the  i 
trinsic  value  or  money-earning  power  of  varieties.  Some  of  o 
new  varieties  have  no  botanical  distinguishing  marks  by  whi 
they  can  be  separated  from  the  class  of  wheat  to  which  they  t 
long,  but  they  yield  more  wheat  per  acre,  and  are  much  more  vj 
uable  to  the  farmer.    With  records,  we  must  keep  them  true  to  t 
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nal,  as  live  stock  breeders  must  record  their  animals,  and  in 
ig  them  give  certificates  of  genuineness, 
hile  the  experiment  station  is  disposed  to  investigate  all  new 
?ties  and  races  of  wheat,  and  to  give  garden  or  even  field  trials 
ew  wheats  of  promise,  we  have  learned  by  wide  experience 
our  work  should  mainly  be  directed  to  making  better  wheats 
le  best  varieties  already  in  hand,  and  to  devote  considerable  at- 
on  to  a  new  wheat  only  as  it  is  shown  to  be  very  promising  of 
Illness.  There  is  ample  opportunity  among  the  wheats  which 
successfully  grown  to  make  crosses,  some  of  which  are  even 
adical  for  practical  breeding.  The  attempt  has  not  been  made 
"oduce  botanical  wonders,  but  to  add  to  the  yield  of  the  acre  of 
it.  Now  that  a  fairly  good  method  of  improving  practical  va- 
es  has  been  devised  and  successfully  used,  it  seems  wise  to  put 
t  time  on  those  theoretical  questions  the  solution  of  which  will 
At  us  to  still  further  perfect  the  methods  of  breeding  this 
n  from  which  is  made  the  "staff  of  life." 
[any  questions  of  interest  from  the  standpoint  of  systematic 
ny  are  constantly  arising  where  so  many  notes  are  yearly  ac- 
ulating  on  numerous  selected  and  cross-bred  stocks  of  wheat, 
of  greatest  interest  are  the  questions  which  yearly  arise  re- 
ling  heredity,  variation,  and  the  practical  theories  of  plant  and 
[lal  breeding. 


^■•1 


lEAT  IS  USEFUL  IN  STUDYING  PLANT  AND  ANIMAL  BREEDING.  * 

[ugo  de  Vries,  of  the  University  of  Amsterdam,  has  recently 
ed  that  most  of  the  theories  for  correct  practice  ih  breeding 
nals,  as  well  as  plants,  can  best  be  worked  our  with  plants,  in 
:  because  they  may  be  used  in  such  large  numbers.  With  ani- 
s,  the  small  numbers  produced  at  a  birth  and  the  great  expense 
ceeping  all  under  similar  conditions  and  of  making  records, 
:es  their  use  unsatisfactory  and  so  costly  as  to  be  almost  pro- 
tive. 

'he  wheat  plant  is  one  of  the  very  best  of  all  plants  for  the  so- 
Dn  of  many  of  these  problems.     We  have  been  able  to  devise  a 
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thoroughly  feasible  plan  of  dealing  with  the  individual  whereby- 
each  plant  has  practically  an  equal  chance  with  each  other  plant. 
The  notes  of  yield  of  seeds  per  plant,  of  quality  of  grain,  of 
strength  of  straw,  of  rust  resistance,  of  height,  of  character  of 
spikes,  etc.,  are  easily  and  accurately  recorded.  If  need  be,  the 
seeds  may  be  kept  for  a  number  of  years,  and  from  seeds 
thus  preserved  plants  may  be  gi:own  in  comparison  with  progeny 
which  have  been  modified  by  breeding  or  environment.  Of  great 
importance  in  this  connection  is  the  fact  that  wheat  is  nearly  close 
fertilized.  Another  important  consideration  is  the  fact  that  cross- 
bred stocks  of  this  close-fertilized  plant  may  be  selected  to  a  uni- 
form type  in  a  few  years,  the  time  required  depending  upon  the 
variable  nature  of  the  particular  cross.  We  now  have  in  store 
seeds  of  unselected  stocks,  of  stocks  selected  for  shorter  and  longei 
periods  to  single  mother  plants,  of  cross-bred  wheats  from  mat- 
ing plants  of  different  degrees  of  relationship,  and  of  different 
types  of  cross-bred  wheats  not  as  yet  selected  to  uniform  types, 
and  those  selected  until  they  are  partially  uniform,  others  where 
uniformity  has  been  secured  by  being  longer  subjected  to  selectior 
to  a  type.  These,  with  new  wheats  the  station  is  constantly  ac- 
quiring, are  highly  valued  for  use  in  many  experiments,  under  wav 
or  soon  to  be  started,  in  studying  mmierous  questions  in  breeding 

THE  WHEAT  PLANT. 

In  Minnesota  the  plants  of  those  varieties  of  spring  wheat  com- 
monly sown  reach  a  height  of  from  thirty-five  to  forty  inches.  In 
some  cases  on  moist  rich  land,  the  height  mentioned  is  exceeded 
while  in  dry  seasons  on  poor  land,  the  wheat  sometimes  ripens  at  a 
height  of  two  feet  or  even  less.  The  modern  self-binder  can  suc- 
cessfully cut  and  bind  into  bundles  straw  which  does  not  stand  two 
feet  high,  but  for  best  results  it  is  desirable  to  have  the  wheat  stand 
thirty  to  forty  inches  high.  Wheat  much  higher  than  forty  inches  ii 
likely  to  lodge  in  wet  seasons  and  on  rich,  moist  soils,  and  in  breed- 
wg  wheat  only  moderate  height  with  great  stiffness  of  straw,  is 
sought.  A  goodly  proportion  of  leaves  is  necessary,  that  th« 
wheat  may  be  well  supplied  with  these  organs,  which  serve  both  as 
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lungs  and  stomach  to  the  plant.  But  a  disposition  to  produce  an 
unnecessary  proportion  of  leaves  is  undesirable.  The  plant  should 
center  its  food  material  in  its  seeds,  and  not  lay  it  aside  in  other 
organs  of  less  value. 


^ 


Pig,  250.     Washing  out  Wheat  Roots  and  Making  Drawings. 


"^Vell  developed  system  of  roots  is  a  necessity  to  the  plant. 

^^^    is  no  direct  way  by  which  the  breeder  can  select  for  this 

^vjj^\\y.    But  by  choosing  vigorous  yielders,  the  law  of  correlation 

j;7artsaids  to  select  individuals  with  all  the  essential  organs  well 
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developed.  While  the  breeder  may  pay  no  attention  to  the  roots 
the  farmer  in  preparing  the  soil  for  this  crop  needs  to  know  th< 
habits  of  the  plant  in  sending  its  roots  throughout  the  soil.  Th( 
method  of  stooling,  also,  is  of  interest  in  connection  with  the  soil 
with  the  time  and  thickness  of  sowing  the  seed,  and  especially  ii 
•connection  with  the  harrowing  or  otherwise  cultivating  the  soi 
after  the  grain  has  germinated. 

THE  ROOTS  AND  STEMS  OF  WHEAT. 

In  1 898,  a  dozen  wheat  plants  were  grown  in  a  plat  of  land  when 
water  from  a  hvdrant  could  be  used  to  wash  out  the  roots  tha 


ri 


|;;niii 


l|»l<H^ 


I^ifl^.  201.  The  entire  wheat  plant  Are  dayt  old.  natural  ■!««.  The  roots  ar 
more  than  twice  as  long  as  the  stem.  No  matter  in  what  position  th 
germ  of  the  seed  lies,  the  stem  end  at  once  seeks  an  upward  direction 
and  the  roots  go  outward  and  downward. 

•drawings  might  be  made  showing  the  root  development  at  differ 
ent  stages  of  growth.  Individual  plants  were  grown  several  fee 
apart,  and  at  stated  intervals  a  plant  was  washed  out  and  a  draw 
ing  made  of  its  root  system.  Messrs.  Carl  S.  Scofield  and  Coate 
P.  Bull,  students,  did  the  work  on  these  plants,  the  latter  doinj 
-most  of  the  drawing.  Each  root  springing  from  the  culms  wai 
<rarefully  followed  out  and  measured,  records  Being  taken  of  it 
-depth,  the  distance  of  the  point  from  the  plant  and  the  general  di 
rection  or  curvature  of  the  root.  The  various  stem-roots  wen 
thus  faithfully,  grouped  on  the  charts  so  as  to  represent  a  view  0; 
them  as  though  one  were  looking  at  them  in  a  horizontal  directioi 
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1  the  soil  removed  and  the  roots  left  in  position  where  they 
IV.  These  drawings  are  shown  in  Figs.  251-9.  A  diagram 
iving  the  character  of  the  soil  in  which  these  plants  were  grown 
washing  out  is  given  at  E  in  Fig.  252. 

igure  251  shows  the  young  plantlet  of  spring  wheat  at  five 
s  old.  The  direction  of  the  three  roots  is  more  nearly  down- 
d  than  usual,  as  the  seed  was  planted  somewhat  late.  In  cool 
ther  they  take  a  more  nearly  horizontal  position.     Close  in- 


252. 


A — The  kernel  of  wheat.  £— Diagram  of  the  toil  in  which  wheat  plants 
were  grown  for  washing  out  roots.  C— Wheat  plant  at  23  days  old, 
longest  roots  four  or  five  times  as  long  as  the  plant  is  tall.  The  squares 
represent  feet,  the  longest  root  is  19.S  inches  long  and  about  16  inches 
deep,  c — The  joint  of  the  stem  dissected  out  from  c  at  a-5;  2i— the  mina- 
ture  spike. 


rtion  of  a  germinating  kernel  of  wheat  will  show  that  the  stem 
the  first  whorl  of  roots,  usually  three  in  number,  have  their 
pin  in  the  chit  or  germ.  See  C,  15,  and  C,  ^  and  r,  16,  Plate 
v.,  page  412.  Until  somewhat  further  developed  than  the  plant 
wn  in  Fig.  251,  the  kernel  is  the  sole  source  of  food  for  the 
ng  plant.  Not  until  it  has  green  leaves  in  the  sunlight  does 
young  plant  have  green  chlorophyll  cells  with  which  to  digest 
plant  food  from  the  soil  and  by  combining  it  with  water  and 
bonic  acid  of  the  air  elaborate  substances  which  the  plant  lis- 
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sues  can  use.  The  reason  for  using  well  matured,  plump,  heav 
seeds,  is  that  such  a  kernel  has  more  food  for  the  young  plant,  an 
the  food  is  of  good  quality.  As  shown  in  Fig.  i6,  Plate  XXV,  tt 
chit  or  minute  plantlet  is  but  a  small  portion  of  the  seed.  Tt 
main  body  of  the  kernel  is  the  starchy  and  glutenous  content 
During  germination  these  substances  are  changed  into  solub 
forms  and  passing  through  the  juices  of  the  plant  are  used  in  d( 
veloping  the  cell  walls  and  the  protoplasmic  cell  contents  of  tl 
small  roots  and  leaves  and  the  tiny  axis  or  stem. 

THE  ROOTS   GROW   RAPIDLY. 

The  wheat  plant  passes  rapidly  from  the  germinating  stage,  an 


Pig.  253. 


A  diafframatic  section  through  the  stem  of  -wheat  about  25  dajs  aft 

elantlng.  magaificd  7V^  times,  as  from  a  to  5  In  C.  Fig.  252.    The  fir 
ud  designed  to  form  a  tiller  is  just  starting.    One  blade  starts  fro: 
each  joint. 


with  favorable  conditions,  soon  has  green  leaves  absorbing  th 
sun's  rays  and  a  spreading  mat  of  roots  absorbing  water  and  plar 
food  from  the  soil.  In  Fig.  252  a  plant  twenty-three  days  aftc 
planting  is  shown.  The  blades  are  only  five  inches  high,  whil 
the  earliest  roots  which  sprang  from  the  chit  are  twenty  inche 
long.  The  roots  are  long  and  nuhierous,  and  in  comparison  \A\, 
the  area  the  leaves  expose  to  the  sun  they  present  a  large  area  c 
root  surface  to  the  soil.  Upon  dissecting  out  the  stem  from  amoii 
the  mass  of  leaf  sheaths,  a  very  small  point  is  found  extendinj 
from  the  lower  joint  at  a  to  fr  in  C.    This  miniature  primary  culr 
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hown  enlarged  several  diameters  at  C.  Even  at  this  stage  the 
ce  is  discernable,  as  at  h  in  C. 

'ig.  253  shows  the  branching  culm  still  more  elaborately  figured 
liagram.  The  attachment  of  the  leaves  at  the  nodes  will  be 
erved,  also  the  fact  that  the  internodes  are  as  yet  short,  havi^:ig 
nodes  or  joints  ver>'  close  together.  The  first  secondary 
n  or  tiller  at  x  indicates  that  "stooling"  has  already  begun. 


2S4.  Wheat  plant  43  days  old.  Blades  eight  inches  high  and  roots  two  feet. 
Branching  roots  arc  not  shown,  fl— the  kernel  with  its  three  or  four 
roots;  cuhns  and  roots  branching  out  half  way  from  the  kernel  to  the 
surface  of  the  soil,  where  roots  and  leares  spring  from  the  stem  or 
rhixome.  C — The  branching  culm,  b,  fr^buus  which  will  become 
tillers,     b — minature  spike.  ~ 

n  Fig.  254  a  plant  43  days  old  is  shown.  Here  three  or  four 
oris  pf  roots  have  developed,  and  the  culm  has  produced  several 
^i^T  tillers.  No  attempt  is  made  to  show  the  many  branching 
►ts,  only  the  roots  originating  from  joints  of  the  culm  being 
iwn. 
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In  Fig.  255  is  shown  a  plant  63  days  old;  the  roots  emanating 
from  the  culms  and  seed,  in  all  enumerating  about  fifty ;  also,  one 
of  the  dozen  or  more  culms.    At  this  stage  the  wheat  was  about 


llPlircf 


Pig.  255.  A — "Crown"  and  8tem-roott  of  a  plant  63  days  old,  branching  roots 
not  shown.  (Fignres  near  the  bottom  of  the  plate  show  spread  and 
depth  of  the  respective  roots.)  B— Cnlm  nearly  ready  for  the  head  to 
appear  from  leaf  sheath. 

two  feet  high  and  ready  to  head  out,  and  some  of  the  roots  had 
penetrated  to  the  depth  of  more  than  four  feet. 


Mmv'^ 
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n  Fig.  256,  the  roots  are  shown  from  a  plant  which  was  near- 
maturity.     Here  there  were  sixteen  culms  and  nearly  one  hun- 


i 


256..  Crown  and  stem  roots  of  a  mattare  wheat  plant,  from  one  seed.  There 
are  about  100  stem  roots,  each  of  which  had  for  some  distance  on 
an  average  about  eight  branch  rootn  to  the  inch,  making  a  wonderful 
mat  of  roots  in  the  soil. 


^•:i  -'r 


d  roots^^pringing  from  the  cuhns.  Where  crowded  in  the  field 
h  seed  giVei  rise  to  only  a  few  culms.  The  roots  had  not  gone 
ch  deeper  than  those  shown  in  Fig.  255,  owing  in  part  to  the 
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coarse  character  of  the  soil,  though  many  of  them  went  deepc 
than  the  three  feet  eight  inches  shown  by  the  drawing. 

THE  PLAN  OF  THE  ROOT  SYSTEM. 

There  is  order  in  the  attachment  of  the  roots  to  the  seed  an 
culms  and  in  the  manner  of  branching.  Three  roots  start  froi 
•the  chit  at  the  same  time  that  the  stem  starts  upward.     These  ai 


Fig.  267. 


Point  of  the  wheat  root, 
p— corticle. 


c— the  root  cap;  e— periderm;  a — ^apical  am 


a  temporary  set  of  roots  which  usually  die  before  the  plaiit  is  full; 
grown ;  in  case  of  winter  wheat  they  were  all  found  'dead  in  th' 
spring  in  several  varieties  which  were  examined.  As  the  culm 
develop  they  send  out  roots  from  the  bases  of  their  leaves.  Pre 
sumably  the  root  buds  spring  out  in  whorls  from  around  the  node 
under  the  bases  of  the  leaves,  as  is  the  case  in  Indian  com.  Se 
bulletin  5,  page  10.  Those  roots  which  spring  out  first  who 
the  plants  are  as  yet  young  are  small  in  diameter  and  mucl 
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inched.  In  the  cool  autumn  or  in  cool  weather  early  in  spring 
:se  first  roots  go  out  more  nearly  in  a  horizontal  direction  than 
warm  weather,  as  in  early  autumn  or  late  spring  planting, 
lien  these  roots  are  several  inches  long,  branches  begin  to  show, 
1  they  soon  have  many  branches.  Each  culm  sends  out  from 
I  few  joints  at  its  lower  end  a  number  of  roots  for  its  separate 
)port,  and  each  culm  soon  depends  largely  upon  its  own  roots, 
ose  first  coming  out  reach  the  greatest  length,  while  some  of 
:  uppermost  roots  start  out  so  late  as  to  not  have  time  to  grow 
g,  though  these  later  roots  springing  from  higher  up  on  the 
m  usually  have  a  greater  diameter  than  the  threadlike  roots 
ich  first  started.  The  roots  throw  out  many  branches  in  the 
per  eighteen  inches  of  earth,  and  these  branches  again  branch, 
ose  roots  which  penetrate  deeper  go  nearly  straight  downward 
i  have  few  or  no  branches  below  eighteen  or  twenty-four 
hes.  Since  the  branches,  as  well  as  the  stem  rpOts,  radiate  out- 
rd  from  the  plant,  there  are  few  roots  immediately  beneath  a 
nt  which  stands  alone,  while  in  the  field  this  space  is  occupied 
the  roots  of  neighboring  plants.  Since  there  are  about  eight 
inch  roots  to  the  inch  for  eighteen  to  twenty  inches  down  each 
m  root  and  each  of  these  branches  is  from  one-tenth  of  an  inch 
twenty-four  inches  in  length,  it  can  be  seen  what  an  immense 
Tiber  of  roots  each  plant  has. 

THE  ROOT  HAIRS  AND  THE  ROOT  CAP. 

Vlere  branching  into  innumerable  thread-like  branch  roots  does 
:  give  the  roots  sufficient  contact  with  the  soil,  and  each  root  and 
inch  root  is  covered  with  hairs  which  extend  among  the  fine 
tides  of  soil.  These  root  hairs  have  been  appropriately  called 
eding  cells"  or  "sucking  sells/'  and  through  their  thin  walls  the 
nt  gets  the  larger  part  of  its  water  and  plant  food.  Beginning 
ir  the  tip  of  the  root,  these  hairs  are  very  short.  Proceeding  up- 
rd  toward  the  stem,  they  are  longer.  Within  a  few  inches  the 
irs  which  are  observed  are  shriveled,  showing  that  there  is  a  short 
le  near  the  end  of  the  root  on  which  active  hairs  are  bom,  but 
It  each  hair  has  a  short  period  of  activity.     Back  of  this  the 
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outer  covering  of  the  root  has  become  hard  and  the  root  serves 
merely  as  an  avenue  for  the.  passage  of  water  and  plant  food  taken 
in  by  the  active  zones  bearing  fresh  hairs.  Here  branching  roots, 
in  case  of  the  stem  roots,  take  the  place  of  the  hairs,  and  they  in 
turn  bear  hairs  on  zones  near  their  freshly  developed  points. 


Pig.  268.    A  small  •action  of  a    wheat  root   showiiiK  the  root   batrs,  enlarged 
two  diameters. 

In  Fig.  259  is  a  cross-section  of  a  root  showing  three  root  hairs. 
These  hairs  are  not  distributed  evenly  along  the  root,  they  being 
thin  in  places^  and  at  other  points  very  thick,  the  density  of  the 
hairs  doubtless  depending  much  upon  the  local  con4itions  of  moist- 
ure and  plant  food.  Roughly  stated,  there  are  about  fifty  hairs  to 
the  millimeter  in  length  of  root. 


Fig.  259.     Cross-section  of  a  wheat  root  near  the  tip  showing  three  root  hairs  and 
the  manner  of  their  development. 

The  power  roots  have  of  pentrating  hard  earth  is  surprising. 
Fig.  257  shows  a  cross-section  through  the  point  of  a  root.  The 
wedge-shaped  cap,  C,  is  pushed  in  between  the  soilparticles,andby 
the  subdivision  and  growth  of  the  cells  in  the  middle  of  the  root  at 
a  the  diameter  of  the  root  is  enlarged  and  the  point  is  pressed  still 
farther  forward.     Many  of  the  roots  were  found  distorted  in  pass- 
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f  through  the  subsoil  just  below  the  furrow-slice  where  repeated 
ading  of  the  plow  team  and  the  pressure  of  the  plow  had  made 
;  earth  compact. 

These  drawings  show  what  a  power  this  crop  has  of  spreading 
o  the  soil  far  and  deep  for  its  food.  It  was  not  practical  to 
)w  the  immense  number  of  branch  roots  on  Figs.  255  and  256, 
ce  they  were  so  numerous  that  the  paper  would  have  been  black 
oughout  the  center  of  the  drawing. 

THE  BRANCHING  OF  THE  CULM. 

The  culm  or  stem  of  the  wheat  plant  is  made  up  of  a  series  of 
How  cylindrical  internodes  joined  together  by  means  of  solid 
nts  or  nodes. 

[n  starting  from  the  seed  the  stem  soon  begins  to  branch.  The 
it  leaves  which  are  sent  up  seem  to  be  a  temporary  set  of  organs 
signed  to  quickly  reach  above  the  soil,  that  the  plant  may  be  sup- 
ed  with  green  cells  in  the  sunlight.  These  leaves  form  what 
pears  to  be  the  primary  shoot  of  the  plant,  and  spring  from  the 
m  near  the  seed.  They  are  found  to  be  dead  in  the  spring, 
►ng  with  the  germ  whorl  of  roots,  in  case  of  several  varieties 
winter  wheat.  At  the  same  point  where  these  first  leaves  arise 
Dther  stem,  apparently  a  rhizome,  branches  off  from  the 
mary  stem.  This  rhizome  has  an  intemode  quite  unlike  all 
i  other  lower  internodes,  not  even  covered  by  the  sheath  of  a 
f,  and  extending  about  half  way  to  the  surface  of  the  soil.  In 
>e  the  seed  is  planted  two  inches  deep  this  rhizome  is  about  one 
h  long.  See  B  in  Fig.  254.  At  the  top  of  this  internode  a  joint 
irs  a  leaf,  and  a  few  other  joints  follow  at  very  short  intervals, 
:h  having  a  bud  in  the  axil  of  its  leaf.  At  C,  Fig.  254,  is  shown 
ongitudinal  section  of  one  of  these  buds  after  it  has  grown  into 
iller  or  stool.  The  minute  spike  is  shown  at  A,  and  two  branches 
[)ear  at  6,  b.  Roots  also  have  made  their  appearance.  Each 
inch  may  subdivide,  and  plants  from  single  kernels  of  wheat 
ve  been  known  to  develop  several  dozens  of  culms.  These 
inches  only  occur  from  the  few  lower  nodes,  but  the  branches 
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may  again  produce  branches  from  their  lower  nodes.  When  the 
wheat  is  in  the  stooling  stage,  at  several  inches  high,  the  base 
of  the  stems  appears  compact  and  bulbous,  especially  if  cool,  moist 
weather  and  a  rich  soil  have  favored  the  development  of  numer- 
ous strong  tillers. 


r   f 


Pig.  260.    Cross-section  of  internode^tbe  stem  between  the  joints. 

By  observing  Fig.  254,  it  will  be  seen  that  the  bulbous  crown  of 
the  wheat  is  near  the  surface.  The  roots  branch  off  from  the 
several  culms,  not  at  the  point  where  the  seed  was  placed,  but 
much  nearer  the  surface.  When  planted  deeply  the  wheat  plant 
lifts  the  bottoms  of  its  stems  nearly  or  quite  to  the  surface  by  means 


Fig.  261.    A  portion  of  a  cros9«fcection  of  the  stem  of  wheat,  in  detail. 

of  the  long  internode  of  its  rhizome,  which  dfeVjdojis  shorter  or 
longer  according  to  the  depth  to  which  the  seed  has  been  planted. 
See  Fig.  254  B.  It  will  be  seen  that  wheat  plants  thus  set  in  the 
surface  of  the  soil,  with  their  roots  extending  outward  at  an  an- 
gle of  less  than  forty-five  degrees  from  horizontal,  can  easily  be  in- 
jured by  harrowing  the  wheat  field  after  the  plants  are  up,  and  es- 
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cially  after  they  have  "stooled  out."  This  certainly  is  what  has 
:urred  in  a  number  of  experiments  where  dragging  the  growing 
leat  has  lessened  the  yield  of  grain. 

A  partially  developed  culm  is  shown  in  255  at  B.  Fig.  260 
)ws  a  cross-section  of  an  internode,  and  Fig.  261  a  much  mag^i- 
1  portion  of  the  same. 

When  the  tiny  shoot  is  sent  out  of  the  germinating  seed  it  is 
fstly  a  mass  of  leaves.  It  rises  above  the  soil,  where  the  leaves 
pand  into  the  air  to  receive  a  large  number  of  the  rays  of  the 
1.  These  rays,  by  the  aid  of  the  green  chlorophyll  cells,  are 
inged  from  rays  of  light  to  active  force,  and  then  again  changed 
the  plant  into  latent  energy  and  stored  up  in  such  chemical 
npounds  as  sugar,  starch,  fat,  cellulose  and  gluten.  During 
:  first  few  weeks  the  stems  are  very  short,  branching  organs, 
ose  chief  functions  at  this  time  seem  to  be  to  produce  leaves  and 
)ts.  Not  until  the  field  is  covered  with  a  thick  mat  of  blades 
trly  a  foot  high  do  the  stems  change  their  habit  and  extend  up- 
rd.  The  plant  up  to  this  time  has  been  expending  its  energies 
the  production  of  a  wide  expanse  of  leaf  and  in  sending  innum-^ 
ble  roots  far  and  wide  into  the  soil.  The  working  parts  of  the 
nt  having  been  developed,  it  sends  up  its  shoots  very  rapidly, 
1  when  the  culms  have  reached  their  full  height  the  work  of 
wing  the  fruit  for  the  harvest  is  begun  in  earnest, 
n  the  crowded  field,  however,  the  branches  from  branches 
ely  develop,  as  the  field  becomes  crowded  so  that  the  leaves  of 
sc  stools  have  no  room  in  which  to  develop.  The  plant  is  par- 
to  those  branches  which  start  earliest,  and  is  loath  to  start  new 
^rs.  If  a  tiller  cannot  quickly  send  out  its  own  leaves  for  air 
I  sunshine,  and  soon  reach  into  the  soil  and  there  compete  with 
er  roots  for  food,  it  must  give  up  the  race  and  leave  the  field  to 
se  that  started  early.  If  the  conditions  are  favorable,  many 
Is  will  succeed  in  getting  enough  roots  started  to  enable  them 
compete  in  the  eflFort  to  run  up  culms,  and  the  stand  of  wheat 
!  be  good ;  while  if  the  conditions  are  unfavorable,  few  culms 
result  and  the  wheat  will  stand  thinly  on  the  field. 
Vhen  the  plant  has  an  abundance  of  blades  and  roots,  the  culms 
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begin  to  lengthen.  This  is  accomplished  by  the  lengthening  first 
of  the  joints  near  the  ground,  as  shown  at  B  in  Fig.  255.  The 
upper  culms,  b  and  a,  soon  follow,  however,  and  the  ear  of  wheat 
nses  above  the  leaves.  As  the  culm  lengthens,  the  blades  from  the 
upper  joints  also  develop  and  become  active  leaves  of  the  plant; 
while  those  which  rose  from  near  the  roots  and  did  service  ear- 
lier, pass  their  period  of  activity  and  wither,  leaving  the  work  to 
the  upper  leaves,  which  are  better  situated  to  gather  sunlight  and 
food  from  the  air.  The  leaf  sheath  completely  surrounds  tlie 
stem,  and  the  edges  overlap  each  other. 

The  development  of  the  spike  from  the  first  tiny  rudiments  of  an 
ear,  as  shown  at  /i  in  C,  Fig.  252,  to  the  mature  head  of  wheat, 
may  be  followed  with  interest.  All  that  is  needed  is  a  sharp  point- 
ed knife  and  patient  work  in  dissecting  away  the  leaves  at  the  vari- 
ous stages  of  growth  of  the  plant.  A  small  magnifying  glass  for 
ordinary  work  and  a  dissecting  and  compound  microscope  for 
reaching  the  greater  minutia,  are  very  useful  for  successful  studies 
in  these  processes. 

THE  SPIKE  AND  THE  FLOWER. 

The  spike  of  common  wheat  is  made  up  of  a  central  crooked 
stem  called  a  "rachis."  This  rachis  is  jointed,  and  at  every  joint 
it  bears  a  group  of  flowers  called  a  '*spikelet."  See  2,  Plate 
XXV.  The  rachis  bends  in  the  opposite  direction  at  each  joint, 
and  thus  the  spikelets  are  arranged  alternately  in  two  rows  on  op- 
posite sides  of  the  rachis.  This  gives  a  nearly  rounded  appear- 
ance to  the  spike.  The  spikes  are  usually  slightly  smaller  at  the 
It  idl^  ends  because  there  the  spikelets  are  not  so  well  developed  or  are 

|ji<*^  farther  apart.     In   some  wheats,  however,  as  in  the   club   va- 

rieties, the  intemodes  of  the  rachis  are  much  shorter  towards  the 
top  of  the  spike,  resulting  in  the  spikelets  being  much  closer  to- 
gether and  in  the  spike  being  broad  at  the  top,  or  "club"  shaped. 
This  characteristic  is  sometimes  shown  by  cross-bred  wheats 
where  neither  parent  had  this  characteristic,  and  may  be  the  re- 
sult of  atavism  or  striking  back  to  remote  ancestors. 

In  Fig.  262  are  shown  the  spikes  of  three  varieties  of  wheats. 
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i8  is  a  spike  of  Blue  Stem,  19  a  spike  of  Red  Fife  wheat,  and 
is  a  spike  of  Preston,  one  of  the  best  new  wheats  we  have  yet 


18 


20 

Piff.  262.     18  Bine  Stem.  19  Red  Fife,  20  Preston. 


19 


Jived.  It  is  a  strongly  bearded  wheat  which  originated  from  a 
5s  made  by  Dr.  Wm.  Saunders,  of  the  Canadian  experimental 
n,  Ottawa,  Can.  The  Blue  Stem  is  awnless,  but  its  white 
flf  is  covered  with  a  coat  of  fine  velvety  hairs.  Red  Fife,  also,, 
wnless,  and  its  white  chaff  is  free  from  hairs, 
lie  spikelet  branches  off  at  the  angle  of  the  central  stem  or  rachis 
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of  the  spike.  Its  short  stem,  called  rachilla,  bears  two  or  mort 
florets.  A  spikelet  is  shown  at  2,  Plate  XXV.  If  the  condition* 
are  favorable,  each  spikelet  may  produce  several  mature  seeds,  but 
very  frequently  only  two  or  three  reach  maturity,  thus  materiall} 
reducing  the  yield  of  grain.  Below  the  lower  floret  the  rachilla 
bears  two  flowerless  glumes,  f  and  g,  2,  also  7,  Plate  XXV,  whicli 
closely  resemble  the  flowering  glumes.  Above  these  the  several 
flowering  glumes  are  arranged  alternately  on  the  rachilla.  Ir 
Plate  XXV,  2,  k,  k,  k,  k,  represent  flowers  bearing  seeds  and  r,  r, 
represent  rudimentary  flowers. 

The  Floret  is  by  far  the  most  interesting  part  of  the  wheat  plant 
The  flowering  glume  is  the  outer  and  larger  of  the  two  portions  oi 
the  chaflf  which  enclose  the  floral  organs,  and  later  the  seed,  while 
the  smaller  or  inner  portion  of  chaflF  is  called  the  palea.  The  palea 
is  on  the  ventral,  or  creased  side  of  the  kernel  and  its  two  sides 
are  folded  inside  the  keel-shaped  flowering  glume,  and  are  shorter 
and  thinner  than  the  latter.  The  floret  is  shown  at  3,  Plate  XXV, 
the  flowering  glume  at  6  and  the  palea  at  8.  A  third  portion  of  the 
floral  envelope  is  shown  at  9,  four  times  its  natural  size.  This 
small  organ  is  called  the  lodicule.  It  is  at  the  base  of  the  flower- 
ing glume  and  palea,  and  is  so  placed  between  them  that  by  swell- 
ing it  pushes  them  apart.  It  is  believed  that  this  little  organ  ab- 
sorbs water  and  swells  up  when  the  flower  is  ready  to  be  fertilized 


Plate  XXV.  shows  the  spikes,  flowers  and  seed  of  wheat. 

The  smaller  spike  is  Fife  and  at  its  left  is  shown  a  Blue  Stem  spike.  In  the  lower 
rigbt  hand  comer  is  a  spike  from  which  small  late  flow  crn  have  been  removed  pre- 
paratory to  crossing:. 

At  2,  spikelet.  natural  sire,  with  a  few  joints  of  the  rachis;  rand  f?  are  flowerless 
g^lumes;  k,  florets  bearing  seeds;  r,  mdiraentarj  florets. 

3,  a  single  flower  closed  just  after  flowering;,  X4. 

4*A,  lontdtudinal  diagram  before  flowering,  X3;  anthers  marked  a;  ovary, 
o;  stigma,  it;  fllament,  f. 

4B,  diagram  of  floret  just  after  flowering,  X4.  showing  how  anthers  arc 
held  within  the  envelope. 

0,  transverse  diavramatic  section,  or  floral  plan,  as  is  mad'e  by  cutting  across 
4A  at  X.  X7;    fg,  flowering  glume:  p.  palea;  a,  anthers;  a,  stigma. 

6,  flowerless  glume;  7,  flowering  glume;  8.  palea;  all  natural  size. 

9,  lodicule.   X4,  shown  also  at  L  In  4B. 

10,  cross-section  of  anther.  X30;  showing  the  pollen  sacs  and  the  central 
mass  of  tissue  to  which  they  are  attached. 

11,  pollen  grains,  round  and  smooth.  56  micro  millimeters  in  diameter. 

12,  ovary  and  stigma  just  prior  to  flowering:  13,  at  the  time  of  flowerfng; 
and  14*.  shortly  after  flowering. 

10,16  and  17.  the  mature  seed;  a.  the  ventral  side;  b,  the  dorsal  side:  c.  the 
germ  or  chit:  s.  the  stem  end  of  the  germs;  r,  the  root  end;  e<  outer  layers  or  bran; 
d,  the  incurved  surface  of  bran  on  the  ventral  side  of  the  seed.  The  white  portions 
of  16  and  17  are  the  floury  interior  consisting  of  cells  containing  the  gluten  and 
starch  from  which  white  flour  is  made. 
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and  thus  assists  in  opening  the  chaff,  as  will  be  seen  later  in  con 
nection  with  the  flowers  shown  in  Plate  XXVI.  Its  position  i 
shown  at  1  in  4B,  Plate  XXV.  When  not  filled  with  water  it  1 
a  flat,  almost  leaf-shaped  organ,  but  when  full  of  water  it  i 
rounded  out  like  a  minute  sack.  Being  so  near  the  point  of  attach 
ment  of  the  two  parts  of  the  chaff,  it  needs  to  swell  only  slightl; 
to  press  their  outer  points  some  distance  apart. 

The  male  and  female  organs  of  the  immature  flower  are  close! 
packed  within  the  lower  part  of  the  compartment  enclosed  by  th 
chaff,  as  shown  in  the  diagram  4A,  Plate  XXV.  The  three  sta 
mens  are  shown  at  a ;  the  filaments  which  bear  the  stamens  at  f 
the  stigma  at  s,  and  the  ovary  at  o.  The  floral  plan  is  shown  b; 
the  cross-section  at  5,  where  the  flowering  glume,  /,  g,  and  the  pa 
lea  p,  are  folded  about  the  three  anthers,  a,  and  the  stigma  s.  4I 
shows  a  longitudinal  section  of  the  floret  at  the  time  of  flowering 
The  anthers,  a,  have  been  pushed  upward  by  the  rapid  elongatioi 
of  the  filaments  at  /;  and  because  the  glume  and  palea  did  not  full; 
i^^  open,  the  anthers  were  caught  and  the  filaments  were  bent  upoi 

themselves  in  their  endeavor  to  lift  the  anthers  out  of  the  floret 
The  stigma  remains  folded  up  as  shown  in  12,  Plate  XXV,  whil 
the  flower  is  yet  immature;  and  it  expands,  as  in  13,  when  th^ 
floret  is  in  the  fertilizing  stage,  as  in  4R. 

When  the  anthers  are  being  pushed  upward  by  the  filament 
they  break  open,  as  in  2,  3,  4,  12,  13  and  14;  in  Plate  XXVI,  and  al 
low  pollen  grains  to  fall  on  the  stigma  of  the  same  floret,  an< 
often  scatter  other  pollen  grains  outside  the  floret. 

Iij!«i  ^  cross-section  of  the  anthers  is  shown  at  10,  Plate  XXV.  It  i 

made  up  of  four  round  sacs,  the  two  pairs  being  supported  by  ; 
central  mass  of  tissue,  as  shown  in  the  engraving.  The  inne 
wall  of  each  sack  is  lined  with  a  single  layer  of  the  minute  globula 
pollen  grains.     The  pollen  grains  are  shown  at  11,  Plate  XXV 

At  the  flowering  time  the  stigma  is  spread  out,  as  in  i^ 
Plate  XXV,  is  moist  and  in  a  condition  to  receive  the  pollen  grai; 
and  cause  it  to  germinate.  In  18,  Plate  XXV.,  a  pollen  grain  i 
shown  germinating  and  sending  its  pollen  tube  into  a  branch  0 
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Stigma.  The  protoplasmic  contents  of  the  pollen  grain  in  this 
tiner  grows  downward  through  the  stigma  and  style,  and  passes 
)  the  ovary,  o,  13.  In  the  center  of  the  ovary  is  the  minute  fe- 
le  cell,  called  the  "ovule."  The  pollen  tube  reaches  this,  when 
two  coalesce,  completing  the  fertilization  of  the  seed.  The  stig- 
,  having  done  its  duty,  soon  becomes  shriveled,  as  shown  in  14, 
te  XXV. ;  while  the  ovary  begins  a  rapid  development  and  soon 
:hes  the  full  size  of  the  mature  berry. 

HOW  THE  FLOWERS  AND  ANTHERS  OPEN. 

'here  is  a  general  belief  that  since  wheat  does  not  often  cross  in 
lire  its  floral  covering  does  not  open.  Having  observed 
t  some  of  the  anthers  escape,  and  that  their  filaments  are 
ght  between  the  glume  and  palea  at  a  point  below  their  center, 
'as  decided  to  make  observations  through  the  day,  and  if  nec- 
iry  at  night,  to  see  when  and  how  much  the  floral  envelop 
jads.  It  was  found  that  the  flowers  open  very  early  in  the 
•ning,  just  as  day  is  dawning.  A  flower  was  sketched  at  in- 
als  during  its  opening  and  closing,  and  these  sketches,  to- 
ler  with  the  exact  time  of  making  each,  are  presented  in  Plate 
VI,  at  I  to  8  inclusive.  The  flower  began  opening  at  forty 
utes  past  four,  and  closed  at  eighteen  minutes  past  five, 
er  flowers  observed  required  from  thirty-five  to  fifty-five  min- 

to  open  and  close  again,  or,  generally  speaking,  three-fourths 
n  hour  for  the  entire  operation. 

y  observing  the  progressive  stages  in  figures  i  to  8,  it  will  be 
I  that  the  anthers  move  upward  as  the  flower  opens,  and  before 
as  closed  many  of  them  have  been  pushed  upward  and  have 
n  Qut,  the  upper  end  now  hanging  downward.  Not  all,  how- 
,  are  raised  sufficiently  high  to  escape.  In  9,  Plate  XXVI, 
diagramatic  section  shows  the  flower  as  closed,  only  one  an- 

having  escaped ;  and  in  10  none  of  the  anthers  succeeded  in 
ing  out  of  the  enveloping  chaff. 

he  figures  in  the  lower  column,  11  to  16,  inclusive,  show  the 
ling  of  the  pollen  sacs.    When  the  flower  begins  to  open,  as  in 
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I,  the  anther  is  not  open,  as  in  1 1,  as  a  rule.  But  as  the  opening 
of  the  flower  proceeds,  as  in  2,  the  anther  splits  open,  as  in  12  and 
13.  The  anthers  in  a  flower  nearly  open,  as  in  4,  are  ready  to  pass 
out  of  the  floral  envelope,  and  at  this  time  they  are  freely  shedding 
their  pollen  into  the  floret  on  the  stigma.  When  the  anther  drops 
over  and  hangs  downward,  as  in  4  to  8,  inclusive ;  or  when  it  is  re- 
inclosed  in  the  envelope,  as  in  9  and  10,  it  soon  splits  open  through- 
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Plate  XXVI.    The  Opening  of  Wheat  Flowers  and  Anthers. 

Note. — The  opening  of  the  wheat  flower  at  early  dawn  is  shown  in  1  to  5.  ia- 
elusive;  and  its  closing  in  6  to  8,  inclusiTe;  the  time  of  making  each  tkctcb  beia^ 
given  on  the  plate.  In  9  only  one  anther  passes  out  of  the  envelope  and  in  lOnone 
escaped  before  the  flower  closed.  In  11  is  shown  the  anther  with  its  attachment 
to  the  filament,  in  12  to  16,  inclusive,  are  sh<>wn  the  progressive  changes  in  t-he 
opening  of  the  pollen  sacs  and  in  15  and  16  they  are  shown  ns  having  fallen  o-u-t 
from  the  flower,  thus  inverting  their  position  and  allowing  the  remaining  pollen. 
to  fall  out. 
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its  entire  length,  and  becomes  shriveled  and  brown,  as  in  15 
16.  A  large  amount  of  the  pollen  is  lost  by  anthers  which 
5  out  of  the  envelope  after  they  drop  over  and  hang  downward, 
'he  fact  that  the  glumes  and  palea  spread  so  widely,  and  that 
:h  pollen  is  scattered  outside  the  florets,  makes  it  probable 
:  there  is  more  crossing  in  wheat  than  has  been  .generally  sup- 
t±  An  experiment  is  in  progress  to  test  this  question. 
Its  of  some  of  the  varieties  which  have  been  successfuly 
ised  were  grown  side  by  side  in  rows  three  inches  apart  last 
;on.  Seeds  of  these  are  to  be  planted  and  the  proportion  of 
;s-bred  plants  which  result  will  be  determined.  General  obser- 
on  in  the  field  indicates  that  these  varieties,  though  mixed, 
f  rarely  cross.  Blue  Stem  and  Fife  wheats,  for  example,  of 
ch  we  have  made  numerous  crosses,  are  often  found  mixed  in 
Is,  but  none  of  the  variable  forms  produced  by  artificial  cross- 
have  been  observed. 


7i- 


THE  KERNEL  OF  WHEAT. 


^heat  has  the  first  place  among  the  farinaceous  grains  as  tood 
man,  because  of  that  quality  of  its  gluten  which  allows  the 
)t  to  expand  the  dough  into  a  beautiful  sponge,  soft,  palata- 
and  snowy  white.  Having  that  proportion  of  nitrogenous 
arbonaceous  food  elements  best  suited  to  man's  needs,  its  use 
nces  food  rations  too  poor  in  nitrogen  and  too  bulky.  And 
n  used  freely  by  persons  who  eat  too  much  meat  it  makes 
r  ration  less  rich  and  more  healthful.  The  more  abundant 
the  cheaper  this  cereal  can  be  grown  the  better  for  all  classes 
onsumers. 

he  work  of  raising  wheat,  of  breeding  better  varieties,  and  of 
ing  the  ripened  grain  all  centers  around  the  berry,  which 
lid  be  brought  to  the  complex  processes  of  milling  in  a  perfect 
1  that  good  flour  may  finally  be  the  result.  The  kernel  of 
at,  though  small  and  apparently  simple,  has  a  wonderful  his- 
,  and  its  structure  is  of  interest.  Several  of  the  parts  of 
Strain  are  shown  in  Plate  XXV  at  15,  16  and  17.    See  notes  ac- 


'^ 


f 


Digitized  by  VjOOQI^  ..^ 


418        SOME  BOTANICAL  CHARACTERISTICS  OF  WHEAT. 


in« 


companying  description.  Fig.  264  shows  a  highly  magnified  se 
tion  of  a  grain  of  wheat  through  the  bran  and  including  a  few  la; 
ers  of  the  farinaceous  cells  inside  the  covering  of  bran. 

The  bran  is  composed  of  several  layers.  Two  layers,  a,  b,  ai 
made  up  of  strong  cells  overlapping  in  such  a  way  as  to  make 
tough  integument  covering  the  berry  of  wheat.  A  third  fair 
strong  layer,  c,  lies  inside  these  outer  ones  and  against  the  ii 
ner,  colored  layer  of  the  bran.  This  latter  is  called  the  "aleurone 
layer,  since  its  nearly  cubical  cells  are  partly  filled  with  aleuroi 
grains.     These  cells  lie  against  the  floury  interior  of  the  kem< 


^rta 


Pl|(.  264.  Highly  magnified  section  of  portion 
of  grain  of  wheat,  as  at  X  in  Pig.  263;  a, 
b.and  c,  outer  coats  or  bran  ofthe  grain; 
d,  alenrone  layer;  e  and  f,  floury  interior 
starch  cells  ofthe  grain. 


4 


Pig.  263.   Transverse  section 
of  a  grain  of  wheat. 


.•i 


They  contain  fermenting  substances  which  during  the  germing 
tion  of  the  seed  act  on  the  floury  cells  making  their  contents  sok 
ble  and  ready  for  the  use  of  the  germinating  plantlet. 

Though  this  layer  of  cells  is  rich  in  materials  suitable  for  hi 
man  food,  the  effort  in  the  roller  mill  is  to  crumble  the  floury  cell 
off  the  inside  of  the  bran,  leaving  the  aleurone  cells  attached  t 
the  tough  part  of  the  bran.  These  aleurone  cells  have  masses  c 
colored  materials  in  them  which  give  to  the  flour  a  darker  cole 
than  is  desired  by  present  market  fashions,  and  it  is  believe 
that  these  aleurone  cells  contain  ferments  which  increase  the  dar 
gers  of  spoiling  in  flour  exported  to  foreign  markets. 
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The  floury  cells,  /  and  e  in  Fig.  264,  fill  up  the  mass  of  the 
rnel  of  wheat.  Each  floury  cell  has  a  thin  wall,  and  its  contents 
\  principally  starch  granules — ^very  small,  nearly  globular  mass- 
of  definite  composition  (C6,  Hio,  O5) — and  masses  of  gluten- 
5  compounds,  together  with  small  amounts  of  fats  and  ash. 
le  proportion  of  gluten  is  slightly  larger  in  those  cells  which 
nearest  the  aleurone  layer,  while  those  farthest  from  the  bran 
the  middle  of  the  kernel  are  somewhat  more  starchy,  as  is 
)wn  by  the  whiter  appearance. 

The  Amount  and  Quality  of  Gluten  Important. — The  percent- 
's of  gluten  in  wheats  have  much  to  do  with  the  food  and 
rket  values  of  flour  made  from  the  diflFerent  varieties.  But 
:  quality  of  the  gluten  has  even  a  greater  influence  on  the  prices 
wheat  than  does  the  quantity.  In  quantity  the  gluten  in  the 
ieties  of  wheat  tested  by  this  station  ranged  from  17.9  per  cent. 
8  per  cent.  The  quality  of  this  gluten,  expressed  in  a  scale  of 
)  points,  ranged  "from  35  to  87^.  In  a  general  way  wheats  are 
)uped  by  millers  into  two  classes.  Those  with  weak  gluten 
I  called  "soft"  wheats,  and  those  with  strong  gluten  are  called 
•d  wheats.  These  terms  are  used  in  a  somewhat  confusing 
nner.  Some  classes  of  wheats  which  are  hard  when  crushed, 
between  the  teeth,  have  gluten  of  very  poor  quality,  though  they 
y  have  a  high  percentage  in  quantity,  and  will  not  make  flour 
ich  will  rise  into  a  light  loaf.  This  wheat  is  not  wanted  by 
lers  at  any  price,  since  even  a  small  percentage  of  it  in  a 
ling  mixture  will  seriously  injure  the  quality  of  the  flour. 
[Tie  gluten  of  wheat  is  composed  of  several  nitrogenous  com- 
mds,  mainly  gliadin  and  glutenin.  When  these  are  present 
the  right  proportions  to  each  other  they  form  a  tough,  elastic 
sh  within  the  dough  or  sponge,  which  is  stretched  by  the 
;  developed  in  the  interstices  by  the  yeast  germs.  Prof.  Harry 
j^der,  Minnesota  Bulletin  54,  pp.  37-38,  says:  "An  excessive 
ount  of  gliadin  and  a  small  amount  of  glutenin  make  a  soft, 
:ky  dough.  An  excessive  amount  of  glutenin  and  a  small 
ount  of  gliadin  prevent  the  gas  from  being  retained  and  the 
ad  from  becoming  light.     *     *     *     The  gliadin,  by  binding 
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together  .the  particles  of  flour,  enables  the  dough  to  retain  the  ga* 
*  *  *  The  glutenin  'serves  as  a  nucleus  to  which  the  gliadii 
adheres/  and  it  prevents  the  dough  from  becoming  soft  an^ 
sticky."  Prof.  Snyder  found  that  a  good  sample  of  Red  Fif 
wheat  contained  about  14  per  cent,  of  protein  compounds,  1 1.3  pe 
cent,  of  which  were  gliadin  and  glutenin ;  the  proportion  of  th 
two  latter  being  about  six  of  the  gliadin  to  four  of  the  glutenir 
This  wheat  has  very  good  gluten.  Dough  from  Fife  wheat  flou 
rises  high,  is  not  "runny,"  and  the  gluten  has  the  enduring  powe 
to  rise  again  and  again  with  successive  "working  down"  of  th 
dough.  Prof.  Snyder  found  a  slightly  greater  proportion  o 
gliadin  to  glutenin  in  Blue  Stem  wheat  than  in  Fife  wheat.  Blu 
Stem  proves  in  baking  tests  to  be  nearly  or  quite  equal  to  Red  Fif 
wheat  if  neither  have  ever  been  wet  or  otherwise  injured. 

Since  good  quality  of  gluten,  together  with  at  least  fair  quan 
tity,  is  of  so  much  importance,  most  careful  attention  must  be  pai( 
to  selecting  and  breeding  varieties  from  which  good  flour  ma; 
be  made  and  to  so  harvesting  and  storing  the  grain  that  the  glutei 
is  perfectly  preserved. 

THE  MODERN  PROCESS  OF  MILLING  WHEAT. 


The  making  of  wheat  flour  has  been  wonderfully  revolutionizec 
during  the  last  quarter  of  a  centur}'.    The  burr  mill  has  givei 
iijv  tj  way  to  the  complex  roller  mill,  with  its  graded  product  of  flour 

bran,  shorts,  and  screenings.     The  great  Pillsbury  A  mill  has  j 
|[J^^^  capacity  of  10,000  barrels  of  flour  daily,  requiring  several  train 

to  bring  the  wheat  and  remove  the  flour.     The  process  in  one  o 
!!**!|f  J  these  mills  is  bewildering  in  its  complexity.     The  grain  is  cleane( 

I  to  reifiove  the  weed  seeds  and  other  foreign  substances.      It  i; 

^       ^  scoured  to  remove  the  hairs  from  the  outer  end  and  even  the  chi 

•  i  is  rubbed  off.      It  is  washed  in  water  if  infested  with  stinking 

t;  smut.     And  if  the  bran  is  dry  and  brittle,  the  grain  is  moistenec 

"    »  with  steam  or  water  to  toughen  the  bran  before  the  grain  passe: 

,  ^ ;  between  the  rolls  so  that  the  bran  will  not  be  crumbled  up  with  th< 

i  flour.      The  miller  seeks  onlv  the  interior  of  the  kernel  withou 
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y  foreign  matter  whatever,  and  his  machinery  and  processes  are 
arranged  for  that  purpose.  If  it  were  possible  for  the  farmers 
produce  only  plump  kernels,  well  fatted  up,  full  of  starch, 
d  with  bran  tough,  smooth,  and  uninjured  by  exposure  to  the 
ather,  the  miller  would  have  a  less  difficult  task  and  could 
3duce  a  still  better  flour.  The  farmers  do  not  use  the  care  nor 
\'elop  the  skill  in  raising  the  wheat  that  the  millers  do  in  manu- 
:turing  it  into  flour  and  there  are  some  lessons  farmers  need 
learn  from  the  mills.  They  need  to  realize  that  the  miller  must 
ve  a  good  bran.  He  views  the  outside  of  the  kernel.  In  pur- 
asing  he  rarely  even  bites  it  in  two  that  he  may  see  the  character 
the  inside.  In  purchasing  a  given  variety  of  wheat  he  makes 
t  price  according  to  the  plumpness  and  the  color  and  gen- 
ii appearance  of  the  bran.  He  wants  the  bran  bright  in  color, 
wheat  has  been  alternately  exposed  to  rain  and  sun  in  uncapped 
xks,  or  has  lain  wet  in  the  bin,  the  bran  will  have  lost  its 
Jgh  texture  and  will  crumble,  small  particles  going  with  the 
ur  through  the  finest  silk  sieves.  This  discolors  the  flour  and 
ures  its  keeping  qualities.  Besides,  the  rising  power  of  the 
iten  is  injured  by  becoming  wet  or  by  heating  in  stack  or  bin. 
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Securing  foundation  stocks  is  the  first  requisite  in  preparing  t 
improve  wheat,  since  more  depends  upon  the  parent  variety  tha 
upon  the  breeding.  Wliile  much  may  be  accomplished  by  scier 
tific  effort,  it  is  too  much  to  expect  or  hope  that  more  can  be  thu 
accomplished  in  a  few  decades  than  has  been  done  in  many  centu 
ijes  of  care  by  past  generations  of  wheisit  growers.  In  previou 
I  pages  are  given  the  plans  employed  in  collecting  and  testing  i 

}  the  field,  in  the  mill,  and  in  the  bake-room    varieties  of  whea 

■  secured  from  many  parts  of  the  world.     Since  no  one  variety  o 

wheat  is  adapted  to  giving  the  best  results  in  all  parts  of  th 
state,  the  best  wheats  are  being  tested  on  the  several  experimen 
farmSjthat  the  best  old  and  best  new  wheats  for  each  portion  of  th 
state  may  be  known  and  distributed  in  the  respective  district; 
With  the  increase  of  good  varieties  there  is  an  adaptjition  of  kind 
to  special  conditions.  Sandy  soils  will  probably  be  best  suited  i 
certain  wheats  bred  to  resist  drouth  and  a  less  liberal  supply  a 
plant  food.  Those  farmers  who  have  rich  or  moist  lands  an 
who  keep  much  live  stock  to  enrich  their  fields,  will  be  especial! 
partial  to  those  varieties  which  have  good  ability  for  standini 
erect.  With  University  Farm,  Northwest  Farm,  and  Northeas 
Farm,  the  Experiment  Station  is  equipped  to  compare  varietie 
of  wheats  for  various  conditions  of  soil  and  climate.  Severs 
tests  at  each  farm  are  necessary,  that  reliable  averages  may  b 
made  for  comparing  the  wheats.  The  varieties  now  in  hand  ar 
an  excellent  basis  for  improvement  by  breeding. 

Practical  experience  with  nearly  fifty  newly  originated  varieties 
as  well  as  with  some  hundreds  of  collected  wheats,  clearly  demon 
strates  that  it  is  economy  to  give  all  wheats  a  thorough  trial  a 
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J  experiment  farms  before  distributing  any  to  the  farmers.  Tri- 
;  by  the  farmers  with  small  samples,  sent  free,  are  in  the  aggre- 
te  expensive  to  the  farmers  and  not  very  satisfactory.  Our  new 
leats  are  sent  out  only  after  thorough  trial  as  to  yield  and  mill- 
^  quality,  and  the  chances  are  that  each  new  kind  distributed  will 
ove  valuable,  in  at  least  portions  of  the  state.  The  station  is 
iginating  many  varieties,  but  only  a  few  of  the  very  best  are 
ing  distributed.  So  far  about  three  per  cent,  of  the  new  wheats 
t  especially  promising,  and  these  are  being  increased  for  sale, 
nee  some  of  the  new  wheats  are  proving  better  than  any  of  the 
1  wheats,  only  new  kinds  are  now  being  multiplied  for  distribu- 

That  a  superior  new  wheat  introduced  into  the  state  may 
ove  of  great  value,  we  have  only  to  realize  the  importance 
the  northwest  of  the  introduction  of  Red  Fife  or  of  Blue  Stem 
leat.  Little  is  known  as  to  the  history  of  how  they  came  to  be 
Produced,  but  what  was  done  by  individuals  or  by  chance  may 
duplicated  through  systematic  effort  with  still  other  superior 
rieties. 


NoTS. — A  nexr  rmrietj  cmn  be  rmpidljr  mnltipUcd,  In  1890  this  atatioa  dis- 
rated, mostly  In  ba«;  lota,  a  carload  of  superior  Fife  wheat,  donated  for  that 
pose  bj  Mr.  C.  A.  Pillabnry,  of  the  Pillsbnry- Washburn  Millinir  Company  of 
ineapolis.  In  some  townships  this  wheat  had  been  so  multiplied  in  several 
.rs  that  little  else  was  frown. 

A  farmer  at  Park  Rnrer,  Waish  county,  N.  Dak.,  secured  a  small  package  of 
ite  Russian  oats.  In  a  decade  these  oats  had  been  so  multiplied  that  nearly  the 
Ire  cropof  the  county  was  from  this  stock  of  seed. 

Prof.  W.  A.  Henry,  director  of  the  Wisconsin  Bzperiment  Station,  in  the  first 
lual  Report  of  that  station,  pp.  17-21,  gives  the  history  of  the  introduction 
danshnry  barley  into  America.  In  a  recent  letter  to  the  writers,  Prof.  Henry 
:fly  states  the  facts  thuA :  **This  barley  was  carried  from  the  mountains  of 
ntchooria  to  the  King's  Garden,  Germany,  and  from  there  by  a  German-Ameri- 
visiting  Germany  to  Iowa  county,  Wisconsin,  and  thence  to  the  station.  By 
I  station  it  was  disseminated  all  over  the  northwest,  proving  worth  hundreds 
housands  if  not  millions  of  dollars." 

Our  new  wheat,  Minn.  No.  163,  came  from  a  single  kemal  planted  in 
»3.  In  1898,  seventy-five  plants  ffrown  a  foot  apart  each  way  were  harvested; 
L894  a  small  field  plot  was  xrown:  in  1805  a  one-twentieth  of  an  acre;  in  1896 
eral  plots;  in  1897  a  small  field:  in  1898  several  small  fields,  resulting  in  about 
ee  hundred  bushels  of  seed  wheat,  which  was  sold  to  about  fifty  farmers  and 
ated  in  tw^o-acre  lots  in  tht  various  counties  of  the  state.  At  an  annual  increase 
enfold  this  wheat  could  be  so  increased  as  to  make  the  entire  crop  of  the  state 
even  more  years,  or  in  fifteen  years  from  the  planting  of  the  single  parent  seed. 
Mr.  8.  A.  Bedford,  superintendent  of  the  Dominion  Experiment  Farm  at  Bran- 
I,  Manitoba,  expressed  the  belief  that  the  yield  of  oats  in  Manitoba  had  been 
•eased  on  an  average  of  two  bushels  per  acre  by  the  distribution  of  a  few 
erior  varieties  during  the  several  years  since  the  establishment  of  the  experi- 
II t  farm  at  Brandon. 
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GREAT  VARIATION  AMONG  WHEAT  PLANTS. 
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Variability  of  individual  plants  of  wheat  is  the  basis  for  breec 
ing.  That  this  variation  is  considerable  is  demonstrated  in  mar 
ways  in  our  records  of  breeding  wheat  in  the  field-crop  nurser 
where  each  plant  has  the  same  space  of  ground  as  each  oth( 
plant.  In  1892  ten  best  plants,  chosen  by  inspection  out  of  4c 
plants  from  seeds  selected  out  of  the  bulk  grain  of  each  of  thn 
varieties,  showed  great  variation  in  the  several  characteristics  c 
time  of  ripening,  length  of  spike,  and  height  of  plant.  Especial! 
was  there  great  variation  in  the  date  of  ripening.  The  plants  eac 
had  a  space  12  by  18  inches  in  area  in  which  to  grow  and  develc 
their  individualities.  Among  the  four  hundred  plants  of  McKei 
dry's  Fife,  for  example,  plants  were  found  which  matured  i 
ninety-seven  days,  others  requiring  one  hundred  and  twenty 
seven  days.  Among  Power's  Fife  the  range  was  from  ninety-eigl 
to  one  hundred  and  twenty-two  days;  and  among  Haynes'  Bit 
Stem  plants  the  range  was  from  ninety-nine  to  one  hundred  an 
twenty-eight  days. 

The  ten  plants  which  appeared  to  the  eye  as  the  best  yieldin 
plants  out  of  the  four  hundred  of  each  variety  were  harvested  an 
notes  taken  as  to  height  of  plant,  number  of  spikes,  length  c 
spikes,  and  yield  of  shelled  grain.  The  following  table  sho^^ 
the  extremes  of  the  variation  in  each  case : 
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TABLE  LXV .—Variation  Amonff  Best  ID  Out  of  400  Wheat  Plants. 


Haynes'  Blue  Stem 

Power's  File 

Mckendrr'a  Fife 


Height  of 
Plant 


31-39 
27-33 
30-33 


Length  of 
Spikes 


Number  of 
Spikes 


19-31 
18-33 
22-33 


Yield 
Grama 


15.4-19.4 
S.4.-13.8 

6.8-16.7 


Note— In  Chart  I  are  fifty  wheat  plants  arranged  from  left  to  right  in  tl 
order  of  their  yield.  Vertical  lines  represent  the  plants.  Hori2ontal  lines  rept 
sent,  in  the  lower  section,  yields  in  grams;  in  the  middle  section,  grades  express* 
in  percentages;  in  the  upper  section,  heights  expressed  in  inches.  The  figures  i 
the  left  of  each  section  show  the  value  of  each  line.  These  fifty  plants  are  from 
new  variet5'  springing  from  a  single  seed  produced  by  crossing  in  1  892.  and  ca< 
year  thereafter  until  1  897,  selected  to  the  best  plant  in  one  hundred,  these  plan 
being  a  part  of  the  fiXth  generation  of  the  cross  and  all  from  seeds  from  one  plai 
of  1897. 
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This  variation  is  still  more  forcibly  illustrated  in  Charts  I.,  II. 
and  III.  In  the  lower  section  of  Chart  I.  fifty  plants  are  arrangec 
in  the  order  of  their  yield.  Each  vertical  line  represents  a  plant 
the  number  of  the  plant  being  placed  at  the  lower  end  of  the  line 
and  each  horizontal  line  represents  one-half  of  a  gram  in  yield 
The  yield  curve  is  drawn  between  points  on  the  vertical  line 
lepresenting  the  respective  plants,  where  they  cross  the  horizonta 
lines  representing  their  yields.  It  will  be  observed  that  a  few  ver 
large  yielding  plants  cause  the  yield  curve  to  rise  very  sharply  a 
the  right.  Yield  curves  drawn  of  sixteen  lots,  of  fifty  plants  each 
all  have  this  same  feature  showing  that  Quetelet's  law  is  oper 
ative  in  the  variation  of  yields  of  individual  wheat  plants,  a) 
from  seeds  of  the  same  mother  plant,  and  each  allotted  the  sam 
area  of  soil  to  grow  upon  as  every  other  plant.  This  was  true  ii 
case  of  stocks  selected  to  a  single  mother  plant  for  each  of  severa 
years,  of  stocks  selected  for  a  few  years,  and  of  hybrid  stocks  se 
lected  for  several  years  and  others  selected  for  only  a  few  years 

The  fifty  plants  plotted  here  grew  consecutively  in  the  fiel< 
crop  nursery,  i.  e.,  the  plants  were  taken  as  they  came,  withou 
selection.  The  yield  curve  shows  that  the  plants  ranged  in  yiel< 
from  a  fraction  of  one  gram  to  six  grams  per  plant. 

In  the  middle  section  the  curve  is  platted  to  show  the  qualit; 
or  grades,  expressed  in  percentages,  of  the  grain  of  the  respectiv 
plots  as  arranged  in  the  lower  section.  Here  is  shown  not  onl; 
the  widest  variation,  but  also  a  wide  variation  from  the  yield  curv 
in  the  lower  section,  though  in  general  the  grade  curve  rises  wit] 
the  yield  curve. 

In  like  manner  the  heights  of  the  respective  plants  are  graphic 
ally  compared  in  the  upper  section. 

Here,  also,  there  is  marked  variation  and  the  height  in  a  gen 


QaeteleVs  Law,  which  seema  to  be  operative  in  the  yields,  grades  and  height 
of  Individnal  wheat  plants,  and  in  the  yields  of  varieties  of  wheat,  may  be  brkfl 
illustrated  by  taking  the  heights  of  1,000  men  of  mature  age.  all  from  the  nam 
race  and  brought  np  in  the  same  county.  If  placed  in  a  row  in  the  order  of  tbei 
heights,  a  line  drawn  over  thdr  heads  is  almost  level  throughout  nearly  its  cntir 
length.  At  the  lower  end  it  drops  down  sharply  and  at  the  upper  end  it  rise 
sharply.  /.  e.,  owing  to  the  law  of  variation  from  the  usual  type,  which. by  the  fore 
of  hetedity,  is  in  general  maintained,  there  is  an  occasional  marked  variatioiiii 
either  direction. 


Digitized  by  VjOOQIC 


METHODS  OF  BREEDING  WHEAT. 


427 


ral  way  corresponds  to  both  the  yield  of  the  individual  plants  and 
le  grade  or  quality  of  their  grain.  And  much  experience  has 
lown  the  general  rule  that  heavy  yielding  plants  are  tall  and 
ave  grain  of  good  grade.  Height  is  not  an  important  factor, 
tcept  that  in  breeding,  plants  of  great  height  are  avoided,  as  such 
lants  produce  varieties  which  lodge.  But  grade  is  important, 
id  care  is  needed  to  select  plants  which  both  yield  well  and  pro- 
iice  grain  of  good  quality.  The  great  variation  in  the  grades  of 
le  best  yielding  plants  observed  in  comparing  the  lower  and 
iiddle  sections  of  Chart  I  is  shown  in  all  of  a  dozen  similar 
larts.  These  charts  represent  several  stocks  which  have  been 
gidly  selected  to  a  type  for  two  to  five  years',  by  selecting  each 
sar  to  a  single  best  mother  plant,  and  also  several  cross-bred 
heats  which  have  been  selected  to  a  type  for  from  one  to  four 
jars,  respectively. 

Some  of  the  variation  among  plants  in  the  field  crop  nursery 

due  to  inequalities  in  the  soil  and  in  other  conditions.  Insects 
id  accidents  may  result  in  injury  to  some  plants,  and  in  rare 
ises  some  plants  may  have  unusually  rich  spots  of  earth.  As  a 
lie,  however,  the  unequal  conditions  are  from  causes  which  in- 
ire  certain  plants,  and  the  selection  of  the  best  plant  or  plants 
ractically  is  made  from  among  those  which  have  not  been  in- 
ired  but  have  had  the  general  good  conditions  of  the  field, 
rreat  care  is  taken  to  have  the  land  in  uniform  condition.  The 
eld  is  prepared  the  previous  year.    Where  fertilizing  is  needed 

is  done  very  carefully,  usually  by  a  bare  or  a  green  manure  fal- 
m.  Commercial  fertilizers  could  be  evenly  distributed,  but 
nee  this  form  of  fertility  is  not  depended  upon  in  Minnesota  it 

not  desirable  to  u^e  it. 

Great  variation  among  wheat  plants  which  are  the  results-  of 
xent  crossing  between  varieties  has  been  observed  in  many  cases, 
here  is  variation  in  all  characters.  Fig.  LX.  and  the  related  text 
lustrate  this  variation. 

Two  hybrid  stocks  arising  from  two  kernels  produced  by  pollen- 
ting  two  flowers  on  the  same  plant  of  one  variety  with  pollen 
■cm  one  plant  of  another  variety  of  wheat  are  found  to  differ  in 
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CHART  II.— Variation  of  Wheat  Plants  in  Grade  of  Grain. 


Note.— In  Chart  11.  the  same  plants  shown  in  Chart  I  are  arranged  from  left 
to  nght  m  the  order  of  their  Rrades.  In  a  dotcn  similar  charts  the  grades  have 
been  platted,  bat  m  only  part  of  the  cases  do  the  curves  conform  to  Quetelefslaw. 

OH  AST  III.— Variation  of  Wheat  Plant  Height. 


\  \  :  J  i~-n~:  I  i  1- 


Note.— In  Chart  III.  the  same  plants  shown  in  Chart  I.   are  arranged  in  the 

order  of  their  heights.  In  this  and  in  most  of  a  dozen  other  similar  charts  made  of 
wheat  plants  growing  consecutively  in  nursery  centgencrs  from  single  mother 
plants  the  height  curve  follows  Quetelefs  law,  turniag  up  sharply  at  the  upper 
end  and  downward  sharply  at  the  lower  end.  t-  *-  .f  hh 
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nambcr  of  forms  they  will  break  up  .into,  and  in  the  time  re- 
red  to  select  them  to  a  true  type.  In  other  words,  hybrids  vary 
their  tendency  to  greater  or  lesser  variation  from  type,  even 
en  the  parents  of  two  cross-bred  stocks  are  the  same  two 
Its. 

n  each  one  thousand  plants  of  wheat  there  are  a  few  phenom- 
1  yielders,  and  the  method  of  single-seed  planting  makes  it 
cticable  to  secure  these  exceptional  plants,  and  from  these  new 
ieties  can  be  made. 

{y  no  means  all  the  varieties  made  from  single  mother  plants, 
those  made  by  mechanically  mixing  together  the  seeds  from 
eral  single  mother  plants,  will  prove  large  yielding  varieties, 
ne  plants  grow  vigorously  when  in  the  nursery  where  room 
[  plant  food  are  abundant,  but  when  crowded  in  the  field  their 
geny  do  not  do  well,  and  the  variety  is  not  a  large  yielder.  It 
ound  necessary  to  make  ten  new  varieties,  more  or  less,  to  se- 
e  one  which  is  a  marked  improvement. 

^uetelet's  law  is  operative  among  varieties  produced  from 
fie  mother  plants  as  is  shown  by  the  yields  of  thirty  varieties 
duced  from  single  mother  plants  grown  in  the  nursery  in  1892. 
Vhen  applied  to  the  choicest  varieties  there  is  one  or  a  few  ex- 
tional  kinds.  In  Chart  IV  are  plotted  the  averages  of  six 
ds  each  of  the  eight  varieties  which  were  the  best  of  their  re- 
ctive  classes  among  the  thirty  wheats  originated  from  single 
ther  plants  in  1892.  Here  No.  169  stands  out  prominently  as  the 
t  yielding  wheat.  Out  of  these  thirty  wheats  three  varieties  are 
ing  strong  proof  of  promise,  and  one  variety,  Minnesota  No. 
,  is  especially  promising.  The  Englishman  who  explained  his 
cess  in  breeding  hounds  by  the  terse  statement  that  he  "bred 
ly  and  hung  many,"  and  the  Scotchman  who  put  philosophy 
he  single  word  "tops"  when  refusing  long  prices  for  the  few 
y  best  of  his  herd  or  flock,  recognized  the  essence  of  Quetelet's 
.  This  law  should  be  more  fully  and  broadly  recognized  in 
tnal  breeding  and  especially  in  plant  breeding, 
'ut  into  practical  form  this  law  may  be  exemplified  as  follows : 
rhere  are  occasional  plants  of  wheat,  which  upon  being  multi- 
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plied  into  varieties  yield  larger  crops  than  the  parent  kind,  addinj 
one  or  more  dollars  per  acre  to  the  value  of  the  crop. 

(a)  These  best  plants  may  be  sought  out  in  the  nursery 
where  the  seeds  are  planted  singly  in  hills,  by  choosing  the  fev 
best  yielding  plants  of  good  grade  from  among  each  thousand 
plants. 

(b)  When  hundreds  of  varieties  are  originated  from  singl 
mother  plants,  or  from  mixed  seed  from  several  superior  mothe 
plants,  and  these  varieties  are  tested  in  the  field,  a  few  out  of  eacJ 
hundred  will  prove  to  be  valuable  new  varieties. 

(c)  The^se  foundation  stocks  will  serve  as  better  foundatioi 
stocks  for  further  improvement  by  continued  breeding,  whether  b; 
selection  alone,  or  by  crossing  followed  by  selection. 

When  applied  to  plant  breeding,  and  animal  breeding  also,  th 
most  important  point  in  connection  with  Quetelet's  law  is  tha 
the  selection  of  foundation  breeding  stocks  should  be  made  mos 
carefully  from  among  very  large  numbers.  The  larger  number  w 
plot  in  the  chart  the  greater  the  chance  there  is  for  securing  phe 
nomenal' plants  at  the  upper  end  of  the  line. 

Science  in  Selecting  and  in  Mating. — In  animal  breeding,  me 
have  become  expert  in  that  artistic  ability  which  enables  the  liv< 
stock  expert  to  so  select  and  mate  his  animals  as  to  rapidly  in: 
prove  a  herd  or  to  establish  a  new  breed.  In  the  breeding  c 
swine,  some  of  the  beef  breeds  of  cattle,  and  meat  producin 
breeds  of  fowls,  the  individual  appearances  as  form,  color,  hanc 
ling  quality,  etc,  have  been  mainly  depended  upon  in  selectin 
die  superior  individuals,  and  in  determining  which  individua 
would  blend  in  mating  so  as  to  best  unite  the  desirable  qualiti< 
and  avoid  the  weak  points  of  each.  In  breeding  trotting  hors< 
And  dairy  cows,  on  the  other  hand,  many  of  the  most  success f 
breeders  have  paid  comparatively  little  attention  to  the  form  ar 
other  appearances,  but  have  selected  on  the  basis  of  actual  perfo 
mance  records,  as  in  the  mile  trotting  race,  or  in  pounds  of  mi 
and  butter  produced.  Where  actual  performance  can  be  records 
or  where  other  principal  characteristics,  as  amount  of  food  requi 
ed  for  a  pound  of  grain,  or  the  strength  of  fecundity,  as  determi 
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by  the  number  of  young  reared,  can  be  reduced  to  figures,  such 
cts  are,  as  a  rule,  of  greater  weight  in  selecting  among  individ- 
Js  than  mere  form  or  color  or  other  outward  appearances. 
In  the  breeding  of  wheat,  yield  per  acre  and  the  grade  of  the 
ain  have  been  used  as  the  most  important  characteristics  to  be 
nsidered,  and  in  making  a  choice  among  plants  attention  has 
en  paid  to  little  else.  Other  qualities,  as  rust  resistance  and 
lality  of  the  gluten  in  the  grain,  have  also  come  up  for  careful 
nsideration  both  in  the  selection  of  the  best  varieties  and  of  the 
st  plants  to  increase  yields  and  also  to  make  crosses,  the  two 
rents  of  which  if  combined  would  make  the  greatest  improve- 
ent. 

It  was  found  desirable  to  express  all  these  qualities  in  some  sim- 
er  form  than  in  a  mere  tabulation  of  percentages.  The  curved 
it  method  of  graphically  displaying  the  yield  and  other  charac- 
ristics  have  been  found  very  helpful. 

Chart  IV  containing  graphic  expressions  of  the  various  qualities 
our  three  best  pW  and  eight  best  new  wheats  is.  introduced  here 
r  this  purpose.  (See  the  notes  under  the  chart.) 
1st.  It  serves  as  a  method  of  comparing  the  value  of  the  more 
trinsic  qualities  with  those  of  less  value  or  with  the  mere  fancy 
►ints  in  each  variety  or  individual. 

2d.  This  is  a  graphic  way  of  expressing  the  many  qualities  of 
veral  complex  individuals.  It  is  a  means  of  gaining  a  more 
mprehensive  knowledge  of  the  relative  merits  for  specific  pur- 
►ses  of  the  several  varieties  or  individuals. 
3d.  The  characteristics  of  various  individuals  or  varieties  thus 
aphically  shown  aids  in  selecting  the  two  parent  individual^  in 
ossing  so  as  to  best  combine  the  desired  qualities  and  eliminate 
e  undesirable  characteristics  of  the  two  parent  stocks. 
Intrinsic  Qualities  vs.  Fancy  Points, — In  Chart  IV  yield  stands 

the  most  important  characteristic  in  the  graphic  score  card.  If 
e  six  sections  were  each  represented  on  a  percentage  score  card 

its  relative  value,  yield  would  properly  be  given  the  largest  space 
id  grade  might  take  second  place,  grade  meaning  appearance  of 
e  grain — its  ability  to  stand  on  appearances  before  the  market. 
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The  following  named  values,  for  purposes  of  illustration,  are  an 
aid  in  properly  interpreting  the  chart : 

PERCENTAGE  SCORE  CARD  FOR  COMPARING  VARIETIES  OF  WHEAT. 

1  Yields  per  acre 45 

2  Grade  of  grain 20 

3  Rust  resistance 10 

4  Quality  of  gluten 10 

5  Amount  of  gluten 5 

6  Coefficient  of  rise  of  gluten 10 


100 


Giving  yield  such  a  prominent  place  as  compared  with  other 
qualities  might  appear  wrong.  But  the  total  weight  per  acre  is 
the  main  factor  in  giving  profits  to  the  wheat  grower.  Several 
sections  relate  to  the  quality  of  the  wheat,  viz.,  2,  4,  5,  and  6, 
making  a  total  of  45  per  cent,  almost  too  much  in  proportion  to 
what  is  given  for  yield. 

It  will  be  observed  that  the  rust-resistance  curve  in  section  4 
corresponds  closely  to  the  yield  curve  in  section  i  ;i.  e.,  those  plants 


NoTB. — In  Chart  IV.  areshown  graphically  several  of  the  leadingcharactcristics 
of  eight  newly-orisinated  wheats,  and  on  the  right  sine  of  the  chart  thrrc  old 
standard  wheats  are  shown.  Of  these  latter.  Ikdinn  No.  61.  Hayncs'  Blue  Stem, 
is  the  parent  of  the  best  new  wheat,  Minn.  No.  169;  and  Minn.  No.  66,  Power's 
Fife,  is  the  parent  of  Minn.  No.  149. 

The  vertical  lines  represent  the  respective  varieties  which  arc  given  hj'  number 
or  name  at  the  bottom  of  the  line.  In  each  of  the  six  sections  there  arc  horizontal 
lines  representing  units  of  the  various  qualities.  These  run  only  through  the  range 
of  figures,  as  given  at  the  left  ends  of  the  lines,  which  include  only  the  variations  in 
yield  in  grade  or  in  other  qualities  respectively, in  their  respective  sections,  and  not 
the  entire  yield,  etc.  This  graohic  language  is  new  to  the  common  reader,  but  if 
once  mastered  it  often  convej'A  the  ideiin  in  a  much  more  clear  and  comprehensive 
manner  than  would  mere  words  and  figures.  The  various  seitions  have  been  given 
the  sftme  proportion  of  the  whole  height  of  the  chart  as  each  quality  is  given  in  the 
percentage  score  card  in  the  text. 

In  section  1  the  yields  per  acre  are  expressed  in  bushels  of  60  pounds  each,  and 
since  the  yield  is  the  quality  to  which  the  most  value  is  attached  the  new  and  also 
the  old  varieties  are  arranged  throughout  the  chart  in  the  order  of  their  yields. 

In  section  2  the  grades  are  expressed  in  percentages,  thvui  making  the  compari- 
son of  yield  and  grade  comparatively  easy  in  the  two  sections. 

In  section  3  the  relative  rust  resistance  is  phown  in  percentages. 

In  section  4  is  given  the  quality/ of  the  gluten  as  determined  by  the  gluten  test 
of  the  flour  from  each  variety. 

In  section  6  is  given  the  percentage  of  gluten  in  the  flour  from  each  variety. 

In  section  6  is  given  the  quality  of  the  flour  as  determined  by  the  baker's  sponge 
test,  expressed  in  the  volume  of  loaf  produced  by  each  percenta^t-*  ntiit  of  gluten. 
This  is  obtained  bv  dividing  the  grams  of  dry  gluten  in  a  hundred  grams  of  tlour 
into  the  volume  of  loaf  of  dough  produced  from  the  hundred  giams  of  flour.  These 
figUtM  represent  the  averages  between  the  volumes  of  the  first  and  second  rise  of 
each  kind  of  flour. 

This  graphic  score  card  has  been  drawn  so  as  to  give  the  same  relative  space, 
on  the  card  to  each  quality  as  is  given  in  the  percentage  score  card  above. 
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which  strongly  resist  rust  are  as  a  rule,  able  to  yield  well.  It  will 
be  observed  that  in  this  percentage  score  card  and  also  in  the 
ghaphic  score  card  no  place  is  given  for  uniformity  to  type, 
length  of  spike,  height  of  plant,  and  other  points  which  are  not 
relevant  to  the  yields  and  quaHty  which  give  value  per  acre  to  the 
farmer. 

Score  cards  sometimes  used,  as  by  poultry  judges,  have  ninety- 
five  per  cent,  of  their  values  placed  on  the  mere  fancy  points,  as  the 
form  of  comb,  and  wattles,  color  of  wing  feathers,  character  of 
markings  of  the  body  feathers,  the  poise  of  the  ^'stocking"  feathers 
and  even  the  color  of  the  scaly  skin  on  the  lower  portion  of  the 
leg.  Weight  is  given  a  place  and  in  some  cases  is  given  a  relation 
to  value,  but  quite  as  often  a  bird  is  scored  down  because  it  weighs 
above  as  below  the  standard,  and  it  may  thus  come  to  be  used  as  a 
mere  fancy  point.  The  actual  amount  of  percentage  of  lean  meat 
on  the  breast  and  legs  of  the  fowls  of  a  meat  breed  is  overlooked, 
though  it  could  be  determined  with  fair  accuracy  by  handling  the 
fowl.  **Fuss  and  feathers"  have  but  little  place  in  breeding  plants 
and  animals  which  are  used  for  the  production  of  foods  and  other 
useful  products,  though  they  may  properly  be  taken  into  careful 
account  in  breeding  pigeons,  pet  dogs,  pansies,  chrysanthemums 
and  other  animals  and  plants  produced  for  pleasure. 

Graphic  Score  Cards  Used  in  Crossing. — Choosing  animals  to^ 
mate  that  the  most  nearly  ideal  young  may  he  produced,  and  deter- 
mining which  varieties  or  individual  plants  of  w4ieat  to  cross-pol- 
linate to  produce  the  most  useful  new-  varieties,  are  very  difficult 
problems.  Mere  art  may  ofttimes  suffice ;  and  extensive  mating^ 
followed  by  intelligent  and  careful  selection  will  often  result  ia 
tlie  production  of  some  good  individuals.  But  tc  make  the  most 
rapid  progress — to  use  a  given  amount  of  time  and  means  to  the 
best  advantage — the  m.iny  qualities  of  each  parent  should  be  con- 
sidered, and  the  selections  should  be  such  as  to  unite  the  greatest 
number  of  strong  points  with  the  fewest  weak  oses. 

Chart  IV  would  aid  in  the  selection  of  varieties  between  which* 
crosses  are  to  be  made.  Minn.  No.  169  stands  out  prominently^ 
as  one  parent  to  choose  for  crossing.     Minn.  No.  163  being  the 
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next  best  yielder  of  grxid  grade,  fair  in  rust  resistance — a  point  in 
which  Minn.  No.  169  is  ver>'  strong, — good  in  quality  of  gluten, 
very  good  in  the  amount  of  gluten,  and  fair  in  amount  of  loaf  a 
given  amount  of  gluten  will  make,  would  well  mate  the  large  yield- 
ing Minn.  No.  169. 

Minn.  No.  66  would  not  seem  so  promising  to  use  for  crossing 
wHh  Minn.  So,  169  as  would  Minn.  No.  163.  Its  smaller  yield 
is  hot  sufficient  tr»  overcome  the  advantage  of  its  superior  weight 
per  bushel  and  its  slightly  greater  per  cent,  of  dry  gluten;  and, 
besides,  it  is  below  Minn.  No.  169  in  rust  resistance  and  in  the  co- 
efficient of  its  ability  to  rise  in  the  loaf. 

A  score  card  at  best  can  represent  only  part  of  the  factors  which 
the  breeder  must  take  into  consideration.  One  quality  not  placed 
in  the  graphic  score  card,  because  common  only  to  the  Blue  Stem 
varieties,  is  the  weakness  of  the  chaff  in  holding  tight  about  the 
berry.  In  case  of  Minn.  No.  169  there  is  some  loss  from  shelling 
ind  from  the  spreading  chaff  allowing  the  bran  of  the  berry  to  be 
exposed  to  rain?,  dews,  and  sun  and  thus  rendered  brittle  and 
ight  colored.  Nos.  163  and  66,  being  Red  Fife  varieties,  have 
ightly  clinging  chaff,  and  would  be  equally  well  adapted  to  cross- 
ng  with  this  new  Blue  Stem  variety  to  increase  the  strength  with 
vhich  the  cliaft"  holds  to  the  grain. 

Since  Minn.  No,  169  is  the  better  wheat,  the  best  progeny  would 
probably  be  the  few  selected  from  the  cross-bred  stocks  which 
'esembled  that  parent.  And  by  producing  the  progeny  in  very 
arge  numbers  and  seeking  the  best,  those  plants  most  nearly  cpm- 
)ining  all  the  good  qualities  of  both  parents  could  be  found  and 
ised  in  making  new  varieties.  Ex])eriments  might  prove  that  it 
vould  be  advantageous  to  use  Blue  Stem  wheat  a  second  time, 
naking  the  cross-bred  wheats  three-fourths  of  the  blood  of  Minn. 
NJo.  169  and  only  one-fourth  the  blood  of  Minn.  No.  163. 

The  many  questions  which  arise  as  to  how  best  to  proceed  in 
naking  crosses  are  somewhat  difficult  of  solution  because  of  the 
arge  number  of  plants  which  must  be  used  and  the  long  series  of 
^ears  through  which  the  resulting  varieties  must  be  tested  in  the 
ield  and  in  the  mill  before  final  results  are  reached  and  the  varie- 
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ties  have  won  a  place  among  the  wheats  which  are  chosen  for 
general  distribution  throughout  the  state. 


HOW   NEW   VARIETIES  OF  WHEAT  ARE  ORIGINATED. 

The  breeding  of  field  crops  was  begun  by  the  Minnesota  Ex- 
periment Station  in  1889.  In  case  of  wheat,  corn,  oats,  and  bar- 
ley, of  which  many  varieties  exist,  the  effort  was  to  first  secure- the 
best  obtainable  kinds,  that  the  work  of  breeding  might  be  cen- 
tered on  making  the  best  varieties  still  more  useful.  In  case  of 
timothy,  clover,  and  other  species  which  had  not  been  broken  up 
into  agricultural  varieties,  systematic  breeding  was  at  once  begun, 
using  the  common  kinds  of  those  crops  for  tlie  foundation  stocks. 
Encouraging  progress  was  made  from  the  start  with  timothy, 
though  the  process  is  of  necessity  long,  because  of  the  perennial 
habit  of  this  grass,  necessitating  two  or  three  years  for  the  growth 
and  selection  of  each  generation.  Severe  winters  have  destroyed 
stocks  of  common  red  clover,  and  very  little  has  been  accomplished 
with  that  crop,  excepting  that  something  has  been  learned  as  to 
methods  of  breeding  it.  While  most  effort  has  been  expended 
on  wheat,  and  most  accomplished,  numerous  other  crops  have  been 
dealt  with  in  the  field  crop  nursery.  Since  each  species  needs  a 
somewhat  different  method  of  breeding,  the.  work  with  oats,  bar- 
ley, millet,  flax,  field  peas,  beans,  and  bronie  grass  has  given  a 
larger  knowledge  of  the  subject,  aside  from  the  production  of  new 
varieties  of  these  crops. 

V/HEAT  BREEDING  BEGUN  IN   1889. 

In  1889  Red  Fife  and  Blue  Stem  wheats  were  crossed  as  found 
growing  on  several  farms  in  the  Red  River  Valley.  All  the  re- 
suhing  kernels  were  accidentally  destroyed.  In  1890  a  large 
number  of  wheat  flowers  were  cross-pollinated  at  Warren.  Mar- 
shall county,  Minn.,  and  fourteen  grains  were  harvested.  These 
seeds  were  planted  near  Fargo  in  1891,  and  the  resulting  plants 
were  shipped  by  express  and  lost,  thus  again  destroying  the  start 
in  the  breeding  of  these  two  famous  hard  wheats.      X'akiable 
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cts,  however,  were  secured.     Eight  out  of  thirteen  of  the  result- 

g  plants,  inspected  when  in  blossom,  proved  to  be  true  crosses, 

lowing  that  these  two  wheats  will  cross  fertilize. 

Field  Crop  Nursery  Begun  in  1890. — The  growth  of  individual 

ants  of  timothy  and  wheat  in  1890  and  1891,  planted  in  hills 

le  seed  in  a  place,  had  demonstrated  that  it  was  practicable  and 

isirable  to  deal  with  individual  plants  in  breeding  these  field 

ops. 

At  Fargo  and  Power,  N.  Dak.,  400  kernels  of  each  of  eight 

heats  were  planted  singly  in  hills  12  by  18  inches  apart,  in  1892. 

be  following  named  varieties  were  used :     Power's  Fife,  Minn. 

0.  66;  Glyndon  818,  Mmn.  No.  480;  Glyndon  753,  Minn.  No. 

6;  Haynes'  Blue  Stem,  Minn.  No.  51;  Risting's  Fife,  Minn. 

'6;  Glyndon  811,  Minn.  No.  168;  and  Glyndon  761,  Minn.  No. 

\i.      Besides  selecting  the  best  plants  from  each  variety,  and 

aking  many  crosses  among  the  best  plants,  the  variation  of  each 

iriety  grown  in  this  nursery  way  was  critically  studied,  as  men- 

)ned  in  a  previous  paragraph.  ^J 


Wt- 


> 


Besides  the  numerous  varieties  of  wheat  which  have  been  in  the  ^  t 

;ld  crop  nursery  for  some  years,  the  station  has  recently  placed  tw* 

nursery  plots,  under  present  plans  of  breeding,  stocks  of  a  ,;• 

>zen  varieties  which  have  proven  to  be  the  best  out  of  the  several  ' 

mdreds  tried  for  a  series  of  years  in  field  trials,  and  several  -       '  *  '    v 
omising  varieties  originated  by  crossing  which  having  been  for  ■ .      '  • .    i 

>me  years  in  field  trials  have  been    returned    to   the   field    crop  •       ^        t 
irsery  to  be  used  as  foundation  stocks  from  which  to  produce  ^  .f> 

ill  other  new  varieties.      One  of  the  collected  wheats,  Bolton's  *     \ 

lue  Stem,  Minn.  No.  146,  received  from  Thomas  Bolton,  Park  •       f 

iver,  N.  Dak.,  stands  out  prominently  as  the  best  variety  among  .  •'     • 

X)  collected  prior  to  1894.     In  ten  yields  it  averaged  nearly  two  ,    *    "^ 

ishels  more  than  the  other  best  yielding  kinds,  and  is  among  '  *    ^.      '  .^ 
le  best  in  percentage  and  quality  of  gluten.      The  methods  em- 

loved  with  this  wheat  will  illustrate  the  plan  of  selecting  wheat  ".      *    ^ 

I  use  at  present.  ■••.•' 
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Breeding  Bolton's  Bine  Stern  IVheat,  Minn.  No.  146. — In  the 
spring  of  1898  there  were  selected  from  bulk  grain,  grown  in 


uiK 


i 


Fig.  265.     Planting  wheat  in  the  field  crop  nursery.     The  planting^  frame  consists 
of  two  2x10  planks  42  feet  lonj?.  held   together  by   movable  criss-titi. 
On  the  inner  edge  of  each  plank  a  nail    is   driven   trve  y   four  inches.    A. 
,  cross-board  52  inches  long  is  placed  with  its  ends      gainst  these  natli. 

Notches  every  four  inches  along  the  edge  of  thi^  cross-board  indicate 
the  position  of  hills  of  wheat.  When  one  row  is  planted  the  board  is 
pushed  forward  four  inches  against  the  next  two  nails. 

the  field  trials  the  previous  ye^ii.  1200  kernels  of  Minn.  No.  146. 
The  hardest  large  kernels  were  chosen,  and  these  were  planted 
singly,  in  hills  four  inches  apart  each  w^ay.     These  kernels  were 
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Fig.  266.     Plan  of  planting   nursery  wheat.     The  circles  rcj-n sent   plants   within 

the  '^ccntgener,  the  dots  the  border  piant->.     The  18-ioch  alley  is  widened 

to  34.  inches  by  the  removal  of  the  border  rows  cither  side. 

planted  by  using  the  planting  frame  shown  in  Fig.  265.  This 
frame  is  forty-two  feet  long,  and  fifty-two  inches  wide  b€(ween 
the  planks,  giving  room  for  fourteen  plants  crosswise  and  one 

*  Asterisk  Refers  to  the  plot  or  group  of  plants  grown  from  seeds  of  a  jiogte 
mother  plant. 
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lundred  twenty-four  lengthwise.  The  plots,  or  "frames,"  of 
lants  are  placed  eighteen  inches  apart  so  that  there  may  be  al- 
*ys  in  which  the  workmen  may  stand  when  cultivating  and  har- 
esting.  The  alleys  necessitate  throwing  out  the  border  plants, 
Ince  these  have  more  soil  and  sunlight  than  do  those  in  the  center 
f  the  plot.  The  outer  two  rows  are  in  all  cases  discarded, 
saving  fh^  plot  ten  plants  wide  and  one  hundred  twenty  long, 
uelve  hundred  plants  in  the  full  frame.  The  plan  of  planting 
;  shown  in  Fig.  266.  Where  the  supply  of  seed  is  small,  as  in 
ase  of  some  newly-crossed  plants,  the  two  border  rows  are  planted 
ith  another  variety  of  wheat,  a  bearded  kind  being  used  around 

beardless  wheat,  and  vice  versa.  And  when  a  limited  number 
f  seeds  of  several  varieties  or  stocks  are  planted  in  the  frame, 
ley  are  separated  by  two  rows  of  "border"  wheat,  as  shown  in 
le  diagram. 

The  system  of  numbering  in  use  has  proved  very  simple  and 


f 


\g  267.  In  the  foreground  in  the  field  crop  nurfcerr  when  the  plants  are  several 
inches  high.  In  the  background  are  shown  newl\ -originated  varieties 
ot  Bromusfoerm/s  and  of  timothv. 
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convenient,  and  is  adapted  to  an  extensive  system  of  records.  The 
first  plant  of  the  first  plot  or  stock  of  wheat  is  numbered  loi,  and 
if  there  are  not  more  than  loo  plants  in  the  plots  the  first  plants  of 
the  next  plots  are  201, 301, etc.  If  some  century,  as  the  eighty-fifth, 
for  example,  contained  a  full  frame  of  twelve  hundred  plants,  they 
would  be  numbered  from  8501  to  9700,  inclusive;  and  the 'first 
plant  of  the  next  plot  9701.  In  case  there  are  only  a  few  plants 
in  the  centgener,  as  in  the  first  generation  of  a  cross-bred  stock, 
the  last  numbers  of  the  hundred  w^ill  be  blank,  since  it  is  best  to 
begin  the  numbers  for  the  succeeding  stock  on  the  even  hun- 
dred and  one.  This  is  a  great  help  in  running  back  the  history 
of  any  given  stock  through  the  various  year  books  in  w^hich  are 
kept  the  planting  notes,  the  harvesting  notes  and  other  data 
gathered  annually,  and  aids  in  compiling  a  history  of  any  stock  to 
which  an  especial  interest,  may  have  become  attached.  In  har- 
vesting, each  plant  is  given  its  actual  nursery  number,  as  1161,  and 
this  number  together  with  the  year  always  makes  it  possible  to 
find  in  the  storage  boxes,  where  the  seeds  from  all  choice  plants 
are  preserved,  the  envelope  containing  seeds  of  any  plant  which 
may  be  desired ;  and  it  also  facilitates  reference  to  the  notes  wher- 
ever they  may  have  been  recorded. 

Wheat  Crop  Nursery  History  Book. — After  the  notes  of  sev- 
eral years  had  accumulated  the  station  had  books  of  printed 
blanks  made  in  which  were  recorded  the  histories  of  all  nurser\^ 
stocks  of  each  kind  of  crop,  as  wheat,  oats,  barley,  and  field  peas. 
Table  LV.  shows  the  notes  tor  one  year.  This  extends  over 
a  double  page,  and  a  similar  page  is  used  for  the  notes  of  each 
year.  The  margins  of  succeeding  leaves  are  trimmed  off  showing 
the  three  left-hand  columns  of  the  first  page,  that  the  one  set  of 
names  and  numbers  may  be  used  for  the  blanks  for  each  of 
ten  years. 

Note: — Table  LV.  is  a  pace  from  the  Crop  Nursery  History  Book,  into  which  are 
carried  the  notes  of  the  best  plants  which  are  selected  from  which  to  plant  nnrsery 
plots  the  next  year  These  notes  are  cooled  from  the  Nursery  Year  Book,  {see 
Table  LVII.)  and  from  the  envelopes  on  which  are  placed  data  gathered  at  hardest 
time  and  in  the  seed  laboratory  where  the  seeds  are  weighed  and  inspected.  Twenty 
pages,  with  printed  blanks  as  in  th-B  table,  are  set  apart  for  each  group  of  stocks, 
two  paiees  beins:  required  for  the  notes  of  each  year.  The  niimbrrs  in  the  third 
column  are  written  with  red  ink  and  are  used  much  as  names  for  the  respective 
nursery  stocks.  Succeeding  pages  have  their  margins  clipped  off,  showing  the 
names  of  the  varieties,  and  the  red  numbers  on  the  first  of  the  ten  pairs  of  pager. 
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In  Table  LVI.  are  collected  the  most  important  items  of  sev- 
il  stocks  for  a  number  of  years  illustrating  how  they  can  be 
ought  together  from  the  history  book  that  the  best  nursery 
)cks  may  be  chosen  for  multiplication  and  the  poorer  ones  dis- 
rded. 

Two  small  fields  of  one  to  two  acres  each  are  used  for  the  ce- 
ll crop  nursery,  and  two  of  similar  size  for  the  leguminous 
)p  nursery.  Only  one  of  the  two  fields  is  used  each  year,  the 
ler  being  subjected  to  a  preparatory  process,  that  the  land  may 
in  uniform  condition  and  free  from  weeds.  The  field  which 
lot  in  use  is  sown  to  a  green  crop,  as  peas  or  oats,  which  is  plow- 
under  or  mowed  for  hay  or  silage  as  the  needs  of  the  soil  may 
mand.  Care  is  used  to  keep  the  soil  in  good  heart,  but  not  sq 
h  as  to  cause  the  plants  to  fall  down,  and  to  have  the  surface 
1  uniform  in  fertility  and  in  mechanical  condition.  These  small 
Ids  are  admirably  adapted  to  the  purpose.  Surface  drainage 
especially  attended  to,  that  no  injury  may  result  from  the  soil 
ng  washed  about  during  heavy  showers.  The  land  is  fall 
>wed  and  no  horses  are  allowed  on  the  field  in  the  spring,  but  it 
Dulverized  and  made  into  a  fine  seed-bed  by  using  the  hand  hoe 
i  garden  rake. 

Planting  the  Seed. —  These  seeds  are  planted  by  hand  as 
)wn  in  Fig.  265.  A  pointed  dibble  is  used  and  each  seed  is 
ced  one  and  a  half  inches  deep  and  carefully  covered.  The 
ts  are  cultivated  by  means  of  small  hand-weeding  claws  as  soon 
the  plants  have  appeared,  and  as  often  afterwards  as  the  con- 
ion  of  the  soil  or  the  presence  of  weeds  may  require.  The 
is  are  all  carefully  inspected  before  the  plants  have  formed 
ers,  and  whenever  two  platits  are  found  in  a  hill  one  is  re- 
ved. 

rhe  Harvesting  is  mainly  a  matter  of  elimination.  The  two 
der  rows  are  first  clipped  off  with  sheep  shears,  care  being 
:d  to  remove  all  the  heads  and  not  to  injure  the  remaining 
nts. 

Recording  the  Notes, —  The  presence  of  numerous  stocks  ne- 
sitates  the  use  of  system  in  recording  the  notes.    The  planting 
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notes  are  entered  each  year  in  a  Crop  Nursery  Year  Bcx>k,  refer 
to  in  the  notes  as  C.  N.  Y.  B.  1899,  C.  N.  Y.  B.  1900,  etc.  I 
this  book  are  entered  the  planting  records,  including  the  nurs 


...< 


Fifir.  268.    Remuvinif  the  border  rows. 

number  of  the  mother  plant  of  the  previous  year ;  the  century  ni 
ber  of  the  present  year,  thus,  loi,  201,  etc. ;  the  Minnesota  vari 
number;  the  variety  or  class  name;  the  date  and  the  number 
seeds  planted.     At  harvest  time  general  notes  are  made  in  t 


^'^^'tRU^^**!^^^ 


'm^sin^mmimm' 


'J 


Fig.  269.  The  men  at  the  left  are  clipping  out  all  the  plants  except  the  best,  w 
those  in  the  center  are  taking  notes  on  the  best>  plants  and  harvest 
them,  saving  the  hc-ads  in  envelopes.  The  field-house  where  the  t 
books  are  kept  at  harvest  time  is  shown  in  the  background 

book,  on  the  strength  and  other  characteristics  and  facts  rega 
ing  the  entire  plot,  leaving  all  notes  on  the  individual  pla 
to  be  made  on  the  envelopes    mentioned  in  a  future  paragra] 
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the  left-hand  column  are  Roman  numerals  and  capital  letters, 
stocks  classed  under  '*!."  are  being  improved  by  selection  alone, 
ileall  marked,  II.,  are  results  of  crosses  which  are  being  selected 
large  yield  and  uniformity  of  type.  The  character,  IV.,  is  used  to 
iignate  other  stocks  which  are  in  experiments  where  a  study  of 
thods  of  breeding,  rather  than  the  making  of  varieties,  is  the 
iect  sought.  Columns  are  also  placed  in  this  book  for  the  inser- 
1  of  the  pages  in  the  Wheat  Crop  Nursery  History  Book  (W. 
N.  H.  B.)  and  in  the  Crop  Nursery  Year  Book  (C.  N.  Y.  B.) 
the  previous  year.  On  the  following  page  is  a  copy  of  the 
nk  form  used  in  the  year  book,  in  which  the  planting  notes  only 
rt  as  yet  been  entered. 

n  makinjj:  the  selection,  careful  men  clip  out  all  but  the  best 
nts.  In  going  over  the  plot  the  first  time  about  half  the  plants 
removed.  A  second  time  half  or  more  of  the  remaining  plants 
removed,  and  a  third  or  fourth  time  through  the  plants  are 
luced  to  five  to  ten  per  cent  of  the  whole  number.  Thus  among 
?lve  hundred  plants  of  Minn.  No.  146  only  about  seyenty- 
?  are  left  standing.  In  other  cases  where  only  one  hundred 
ds  were  planted,  ten  of  the  best  are  left  for  harvesting.  The 
ierence  is  usually  given  to  plants  which  have  several  culms 
nearly  the  same  height,  bearing  large  well  filled  heads.  See 
r.  270. 

Harvesting  Choice  Plants. — Each  of  these  ten,  or  seventy- 
*  plants,  as  the  case  may  be,  is  given  a  nursery  number.  Large 
)er  envelopes  are  given  numbers  corresponding  to  the  numbers 
the  choice  plants.  On  these  envelopes  is  a  mimeographed 
nk  form  into  which  are  written  all  the  notes  regarding  the 
nt,  the  heads  of  which  are  placed  within.  The  spikes  are  cut 
without  any  straw,  and  placed  in  the  envelopes  and  these  en- 
opes  in  turn  are  placed  in  paste-board  boxes  7xioJxi2^  inches 
size.  In  case  spikes  are  not  dry  it  is  necessary  to  pack  the 
rage  bpxes  loosely  and  to  leave  the  flaps  of  the  envelopes  open 
t  the  grain  may  dry  out  and  retain  strong  germinating  power. 
"iced  Selection  in  Winter. —  In  the  winter  season  the  unthreshed 
ids  of  the  selected  plants  are  weighed.     These  gross  weights 
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'0.    The  plant  at  the  right  has  culms  very  uneren  in  length,  while  that  at 
the  left  toas  no  very  tall  ctilms,  but  many  of  nearly  the  same  height. 
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Pig.  271.  At  the  left  Is  showii  a  plot  of  100  plants  with  the  border  rowi 
away.  At  the  right,  ninety  of  the  centgener  hare  been  lemoTcd  lea 
the  best  ten  plants  to  be  harvested  ana  stored  in  the  enTelopea. 


Pig.  272.    Taking  notes  and  harvesting  the  best  nursery  plants. 
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Table  LVJJU.^Blaiik  Vorm  on  XnT«lopes. 


♦98' 


Norsery  No.  24126. 


WHEAT 


Date  Ripe 

Height 

Stiffness 

Rust 

)ikes — Number 

Length 

baff— Smooth  or  Hairy 

Bearded  or  Awnless . 

Holds 

erry — Color '. 

Size 

Form '. 

Ergot 

Loose  Smut 

Stinking  Smut 

Plumpness 

Condition  of  Bran..., 

Grade .., 

Gross  Yield 

Net  Yield 

.  N.  H.  B.— 221-Page...... 


^0 
37 

88 
3 
7 
8  cm. 

S 
A 

87 

95 


398  C.  N.  Y.  B.— 220— Page. 


94 

0 

0 

0 

91 

90 

93 

6.0 

4.4 

40 

100 
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give  data  for  eliminating  more  of  the  poorer  plants,  thus  avoiding 
the  expense  of  shelling  alt  but  a  small  number  of  the  very  best 
plants.  Before  weighing,  notes  are  taken  as  to  the  number  and 
length  of  the  spikes,  and  any  other  notes  which  special  experi- 
ments may  require.     The  shelling  is  carefully  done  by  hand. 


Fig.  273.  The  scert  laboratory  where  the  seeds  arc  stortd,  wheic,  in  winter,  all 
the  seeds  are  weighed  and  threshed  out  and  the  best  are  selected  for 
planting  the  next  year. 


The  seeds  are  then  weighed,  judged  as  to  quality  or  grade,  and 
other  notes,  as  the  color  and  form  of  berries,  may  also  be  made 
on  the  grain  if  desired,  as  in  case  of  cross-bred  stocks. 

These  notes  on  the  right  margins  of  the  envelopes  can  all  be 
laid  side  by  side  where  the  grades  and  other  qualities  may  be 
easily  compared  and  the  best  plants  chosen  as  mother  plants  of 
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jrsen^  centgeners  the  next  season  or  for  mothers  of  new  varie- 

£S. 

\"arieties  are  not  at  once  started  from  mother  plants  chosen 
le  first  year  from  among  those  springing  from  the  1200  seeds 
lected  from  bulk  grain  and  grown  in  a  "full  frame."  Several 
'  the  best  plants  are  chosen  and  centgeners — one  hundred  or 
ore  plants  from  a  single  mother  plant — ^are  planted  the  next 
ason.  Here  the  "strength  of  row",  the  average  yield  of  all  the 
ants  of    the    centgener.    and    other    characters,  are   recorded. 


t.  274.    Small  plots  where  the  seed  from  the  nursery  plots  is  being  increased  to 
quantities  satlicient  for  field  trials. 

fter  choosing  the  best  plants  from  the  best  centgeners  the  re- 
aining  seeds  are  harvested  in  bulk  and  at  once  multiplied.  Thus 
fiile  a  few  of  the  very  best  plants  are  used  for  further  breeding 
the  nursery,  the  bulk  of  the  seed  from  the  centgeners  is  multi- 
ied,  forming  a  variety  which  soon  enters  the  competitive  field 
als. 

Recapitulating  the  Steps  in  Breeding  by  Selection  we  have: 
t.  Secure  those  varieties  which  yield  large  crops  of  wheat  of 
perior  quality.  2nd.  Plant  a  large  number  of  the  seeds  from 
e  bulk  grain  the  first  year  in  the  nursery.  3rd.  By  some 
itable  method  find  the  choicest  plants  which  are  most  promising 
r  mother  plants.     4th.    The  second  year  plant  from  each  of 
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these  a  hundred  or  more  plants.  5th.  Choose  from  the 
strongest    stocks    the    choicest    plants    as    mother    plants  with 

which  to  continue  the  breeding.  6th.  After  discarding  the 
poorer  plants  of  these  strcngest  stocks  of  the  second  yearj 
save  the  seeds  in  bulk  from  the  remaining  plants.  7th.  Use 
this  bulk  seed  the  next  year  to  plant  a  small  field  plot.  8th.  The 
following  year  there  is  sufficient  seed  to  sow  a  twentieth  acre 
plot  where  it  can  be  regularly  compared  with  the  other  wheats  in 
the  variety  tests.  9th.  When  the  twentieth  acre  plot  is  harvested 
there  is  sufficient  seed,  if  the  variety  is  promising,  to  supply 
seed  to  other  stations.  By  testing"  the  varieties  several  times  the 
average  yields  show  the  relative  values  of  the  varieties.    loth, 


Fig.  275.     Uniform  field  trial  plots,  \^q  acre  each. 
f 

At  least  the  larger  part  of  the  new  varieties  can  now  be  discarded 
and  only  those  of  greatest  promise  need  be  retained,  nth.  Af- 
ter testing  a  wheat  one  or  two  years  it  is  milled  and  the  flour  is 
tried,  as  by  the  gluten  test  and  the  baker's  sponge  test.  12th. 
The  field  tests  are  continued  for  a  series  of  years  and  a  new  w^heat 
is  disseminated  when  it  has  been  fully  demonstrated  that  it  is  oi 
special  value  in  the  entire  state  or  in  some  particular  locality  in 
the  state.  13th.  Great  care  is  used  in  distributing  new  wheats 
of  promise.  They  are  sold  to  farmers  who  have  good  lands  free 
from  noxious  weeds  and  who  will  raise  crops  of  the  seed  for  sale. 
Selecting  varieties  for  each  soil  and  each  locality  must,  of 
necessity,  proceed  but  slowly.     Promising  varieties  are  very  re- 
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276.     The  first  five-acre  field  of  Minn.  No.  163  wheat,  in  1898.    This  variety 
came  from  a  single  plant  in  1892,  and  was  first  disseminated  in  1899. 


m9 


277. 


A  large  steam  threshing  outfit  in  operation  in  shock  threshing.  Self- 
feeding  and  measuring  attachments:  "basket"  grain  racks;  hundred 
bushel  grain  boxes  or  lanks  on  the  wagons;  cook  shanty  on  wheels 
where  the  crew  is  ''boarded." 


Digitized  by  VjOOQIC 


h 


454  METHODS  OF  BREEDING  WHEAT. 

lilctantly  discarded.  But  the  introduction  of  many  varieties  would 
lead  to  a  confusion  of  names,  and  with  the  aid  of  the  several  sub- 
stations it  seems  wise  to  reduce  the  number  to  be  distributed  to  the 
minimum.  If  several  are  disseminated  within  a  decade,  each  will 
find  that  portion  of  the  state  where  it  is  adapted  to  produce  the 
best  crops  of  wheat. 

•     CROSSING  FOLLOWED  BY  SELECTION. 

Bolton's  Blue  Stem  and  Minnesota  No.  163  have  been  chosen 
as  two  wheats  to  use  as  foundation  stocks  in  producing  cross- 
bred wheats.  Crossing  followed  by  selection  as  a  means  of  pro- 
ducing improved  varieties  of  wheat  has  some  features  not  neces- 
sary in  the  improvement  by  the  method  previously  described 
by  selection  alone.  To  secure  stocks  for  crossing  the  varieties 
are  first  introduced  into  the  field  crop  nursery  in  full  frames  of 
bulk  seed,  and  are  subjected  to  rigid  selection  for  two  or  more 
years,  as  in  improvement  by  selection.  From  among  these  stocks 
strong  yielding  plants  are  taken  for  the  parents  of  crosses.  Thus 
the  best  plants  from  the  best  varieties  are  used  for  foundation 
stocks  in  making  out-crosses  and  in-crosses,  and  time  is  not  wasted 
on  weak  varieties  nor  on  weak  plants  of  good  varieties. 

Hozv  Wheat  is  Cross-Pollinated. — ^The  stocks  of  wheat  to  be 
used  for  crossing  are  grown  in  the  nursery,  where  each  plant 
has  an  area  4x4  inches  square.  When  approaching  the  flower- 
ing period  superior  plants  are  chosen  and  marked  with  a  card 
placed  in  a  tin  label,  which  is  borne  by  a  tall  stake.  From  some 
of  the  largest  spikelets  all  the  florets  are  removed  except  a  dozen, 
more  or  less,  of  the  strongest  ones.  This  is  done  just  before  these 
florets  are  ready  to  blossom,  that  the  anthers  may  be  removed  be- 
fore ^hey  break  open  and  cause  self-fertilization.  This  work  must 
be  done  with  much  care.  If  handled  roughly  the  florets  are  often 
so  injured  that  fertilization  is  not  effected.  If  the  anthers  are 
permitted  to  become  top  nearly  ripe  they  usually  burst  open  while 
being  removed,  and  cause  self-fertilization.  Since  the  florets  open 
ver}'  early  in  the  morning  it  would  seem  wise  to  remove  the  an- 
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Fig.  278.    Crouing  wheat. 


2.  1.  3. 

9igJ'279,  No.  1 — Blue  Stem  spike  cboaen  for  female  flowers;  2 — same  after  re- 
moval of  all  florets  except  14  of  the  strongest;  3— Fife  spike  from  which 
pollen  Js  used. 
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thers  in  the  afternoon  and  apply  the  pollen  early  the  next  day ;  oi 
in  case  the  florets  are  not  yet  ripe,  to  add  fresh  pollen  the  secon 
day..  General  experience  is  the  guide  so  far,  since  exact  experi 
ments  to  determine  the  best  time  and  manner  of  removing  th 
anthers  has  not  been  completed. 

Fig.  280  shows  the  operator  removing  the  smaller  spikelets  s 
the  base  of  the  spike.  The  upper  spikelets  are  also  removed  a 
shown  in  Fig.  279.    "WTien  all  the  spikelets  excepting  the  six  c 
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Piff.  280.  Removing  the  flowers  of  the  smaller  later  spikelets  at  the  base  of  t] 
spike,  leavings  only  the  stroi]ge»t  florets  to  be  supplied  with  pollen  fro 
another  plant.  In  front  of  the  operator's  left  hand  is  a  spike  whit 
has  been  cross-pollinated,  then  covered  by  wrapping:  abont  it  a  piece  < 
tissue  paper,  which  is  tied  on. 

eight  in  the  center  of  the  spike  are  removed,  the  small  florets  i 
the  center  of  these  are  also  clipped  off  with  sharp  pointed  dissed 
ing  scissors,  leaving  only  the  twelve  to  sixteen  strong  lower  floret 
of  the  several  spikelets,  all  being  at  nearly  the  same  stage  of  ma 
turity.  Care  is  used  to  remove  all  the  anthers  from  every  on 
of  these  flowers  and  to  so  withdraw  them  by  means  of  shar] 
pointed  tweezers  that  no  pollen  is  left  within  the  floral  envelope 
The  anthers  gradually  turn  yellow  when  nearing  ripeness.  Th< 
eye  soon  becomes  experienced  in  determining,  from  the  partiall] 
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langed  color,  when  the  floret  is  nearing  the  period  of  fertilization, 
lorets  found  so  far  advanced  that  there  is  danger  of  self-poUina- 
on  are  discarded  and  removed.  The  anthers  having  been  re- 
loved  from  all  the  flowers,  the  spike  is  covered  with  tissue  paper, 
his  is  wrapped  loosely  about  the  spike  and  tied  above  and  below 
>  prevent  the  entrance  of  foreign  pollen.  In  case  of  flowers 
hich  are  nearly  ripe,  pollen  is  at  once  applied  before  covering 
le  flowers.  Careful  experimentation  might  show  that  it  would 
i  economy  of  time  in  producing  a  given  number  of  cross-bred 
•ains  to  apply  pollen  at  the  time  of  emasculating  the  flowers  and 
l^ain  the  next  morning,  and  even  a  third  time  early  the  second 
orning.  However,  since  each  cross-bred  kernel  is  capable  of 
irying  so  as  to  make  a  number  of  types,  it  is  not  difficult  to  pro- 
ice  more  new  varieties  than  the  station  has  time  to  develop  and 
St.  Pollen  from  the  plant  used  as  the  male  parent  is  secured 
'  selecting  anthers  which  are  ripe,  as  shown  by  their  yellow  color, 
[d  by  the  ease  with  which  the  pollen  grains  roll  out  when  the 
>llen  sacks  are  broken. 

The  operation  of  removing  the  anthers  and  of  inserting  pollen 
nnot  be  shown  in  detail  by  means  of  photographs.  The  fine 
ints  of  the  tweezers  are  inserted  between  the  flowering  glume 


Big,  281.    Openings  the  floret  to  remove  the  anthers. 
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and  the  palea,  as  shown  in  Fig.-  281,  and  as  they  are  allowed 
spring  apart  the  floret  is  opened,  and  the  anthers  removed.    Ca 
must  be  taken  to  avoid  injury  to  the  stigma  and  to  the  ovary 
opening  the  floret  too  wide,  or  by  otherwise  using  the  parts  of  t 
floret  in  a  rough  manner.     The  difficulties  of  removing  the  a 
thers    are  shown  in  5    and    4  A  in  Plate  XXV.,  page  413. 
insert  pollen  the  tweezers  are  again  used  to  open  the  floret,  as 
Fig.  282.    The  pollen  is  carried  into  the  floret  by  grasping  a  ri 
anther  in  the  tweezers  and  inserting  it  between  the  two  portio 
of  the  chaflf,  care  being  used  that  the  pollen  sacks  are  open  ai 
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Fig.  282. 


Inserting  a  ripe  anther  from  the  plant  used  as  the  male  parent  into  1 
floret  ofthe  plant  need  as  the  female  parent. 


that  pollen  falls  thickly  upon  the  stigma.  When  ripe  the  poll 
grains  no  longer  adhere  to  the  walls  of  the  pollen  sacks  but  T( 
about  as  particles  of  flour.  These  ripe  anthers  are  taken  frc 
florets  on  a  spike  of  wheat  plucked  from  the  plant  used  as  t 
male  parent.  Other  plans  may  be  used,  as  employing  a  sm 
steel  spatula  to  carr}'  the  pollen  to  the  stigma. 

Of  the  flowers  handled,  the  percentage  producing  seeds  h 
been  larger  and  more  of  these  have  proven  true  crosses  wh' 
the  labor  in  crossing  has  been  executed  with  great  care.     Frc 
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Sve  to  twenty-five  per  cent,  of  the  flowers  handled  produced  seeds, 
and  part  of  these  are  not  true  crosses,  as  shown  by  their  resem- 
blance to  the  mother  plant  only,  self-pollination  having  occurred. 
Those  plants  resulting  from  out-crossing  which  do  not  show  any 
of  the  characteristics  of  the  variety  used  for  the  male  parent  are 
discarded  as  not  being  true  crosses,  though  it  is  recognized  that 
an  occasional  true  cross  may  so  completely  resemble  the  female 
parent  as  to  not  show  the  male  type,  at  least  not  in  the  first  two 
generations. 

In  making  in-crosses  it  is  very  important  that  the  emasculating 
and  pollinating  be  done  with  care,  that  all  resulting  plants  may 
be  true  crosses,  since  the  parents  are  similar  and  there  are  no 
means  of  determining  whether  there  is  a  true  cross  or  the  seed  has 
resulted  from  self-fecundation. 

The  nursery  number  of  the  plant  used  as  the  male  parent,  as 
well  as  the  number  of  the  plant  to  which  the  pollen  is  applied,. 
also  the  date  of  liandling,  are  placed  on  a  card  which  is  attached 
to  the  culm  below  the  crossed  head.  When  ripe  both  parent  plants 
are  harvested  and  a  record  made  of  their  yield,  so  that  the  history 
of  the  "performance  record"  of  the  parent  plants  may  be  complete- 
The  handled  spike  is  placed  in  a  small  envelope,  which  is  placed 
with  the  remaining  heads  of  the  mother  plant  in  a  large  envelope. 

Each  kernel  of  wheat  found  in  the  handled  spike  becomes  a 
mother  plant.  The  first  year  it  is  placed  in  the  nursery  with  an 
individual  number.  Tlie  second  year  a  hundred,  more  or  less,  of 
the  seeds  of  each  plant  of  the  first  generation  are  planted.  Any 
stocks  which  do  not  appear  reasonably  strong  are  at  once  dis- 
carded. 

Here*  the  method  of  procedure  is  as  yet  an  unsettled  problem. 
So  far  it  has  been  our  custom  to  save  only  the  one  best  plant  from 
the  centgener.  It  now  seems  logical  to  save  several,  or  to  save 
all  the  strong  plants  in  bulk,  grow  them  in  field  plots  for  a  few 
years  that  they  may  have  time,  to  vary,  and  then  to  introduce  them 
into  the  nursery  selection  again,  using  one  or  two  thousand  seeds 
and  saving  only  several  of  the  best  resulting  plants. 
Henceforth  the  selection  of  the  best  plants  in  the  nursery  and 
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the  multiplication  of  their  seeds  take  the  same  course  as  whei 
varieties  are  orighiated  by  selection  alone,  as  described  in  a  forme 
section. 

Crossing  Produces  Greater  Variation  among  individual  plant 
than  is  observed  where  selection  alone  is  {(flowed.  The  prcsa 
indications  are  that  the  average  yield  of  plants  resulting  from 
cross  between  distinct  varieties  is  less,  at  least  during  the  first  fei 
generations,  than  the  average  yields  of  the  two  parents.  Bi 
there  being  more  variation  among  the  cross-bred  stocks,  there  i 
greater  opportunity  for  the  selection  of  the  occasional  good  plai 
which  will  produce  plants  yielding  better  than  either  parent: 
kind.  We  have  abundant  proofs  of  the  greater  variation  of  crosi 
bred  stocks. 

In  Fig.  283  is  an  illustration  of  unusual  variation  resulting  fnn 
crossing  two  varieties  of  wheat.  Of  the  three  spikes  in  the  uppe 
row  the  one  at  the  left  is  the  Fife  parent,  the  one  at  the  rigi 
is  the  Blue  Stem  parent,  and  the  one  in  the  middle  represents  th 
average  of  the  spikes  produced  in  1894  on  plant  No.  1874,  thoug 
there  was  considerable  variation  in  the  several  spikes.  One  hut 
dred  seeds  were  planted  in  1895  from  this  mother  plant,  and  all  th 
variations  represented  in  the  middle  and  lower  rows  were  founc 
In  the  progeny  of  no  other  cross-bred  seed  have  we  seen  such 
marked  tendency  to  vary.  The  two  varieties  of  wheat  whic 
were  crossed  never  have  more  than  very  short  awns,  while  amon 
the  progeny  are  several  types  with  awns  of  various  lengths.  Tl 
chaff  on  some  of  the  plants  was  hairy  like  the  Blue  Stem  paren 
on  others  smooth  like  the  Fife  parent,  thus  giving  proof  that 
true  cross  had  been  made.  In  form  of  spike,  some  resembled  or 
parent  and  some  the  other,  while  numerous  spikes  were  quite  di 
ferent  from  either  in  this  particular.  Thus  the  second  head  frtM 
the  left  in  the  middle  row  had  a  square  form  like  the  so-callc 
"square-headed"  wheats.  The  second  from  the  left  in  the  lo.w< 
row  has  its  rac|iis  shortened  at  the  upper  end,  producing  a  broadi 
top  to  the  spike,  as  with  the  so-called  "club  wheats."  Several  < 
the  plants  had  dark  brown  chaff,  others  chaff  with  a  light  metall 
tinge,  each  of  which  are  like  types  of  wheat  quite  distinct  fra 
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^^yyg€  the  rigtat-hand  spike  is  the  Blue  Stem  parent,  the  left 

-^^^  X^ife  parent,  andjthe  central  spike  is  the  ayera^e  spike  of 

^__       ^5«.«»*   ^^  ****  ^"*  generation.  The  spikes  in  the  middle  and 

k0^^^^^o.^t«     ^.re    forms  which  appeared  in  the  100  plants  uf  the  second 

,tm«     fV,  «-oW^  ^-1     of  whlchjcame  from  seeds  from  the  single  plant  of  the 
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either  of  the  white  chaffed  parents  of  this  cross.  The  causes 
of  these  variations,  the  laws  governing  them,  their  relation  to 
parental  wheats  which  may  have  entered  into  previous  crosses 
of  either  parental  kind,  a  probability  of  the  continuance  of  the 
tendency  to  vary,  and  similar  questions  suggested  by  these  results, 
— open  up  many  questions  for  experimentation. 

Great  variation  occurred  in  strength  and  also  in  yield.  In  the 
case  above  mentioned  stocks  from  several  plants  grown  in  1895 
were  planted  in  1896.  There  was  much  variation  in  the  strength 
of  the  several  stocks.  In  some  nearly  all  the  plants  were 
strong,  in  others  most  of  the  plants  were  weak;  and  there  was 
great  variation  in  the  streng^  of  the  plants  in  ,the  .plot. 
The  best  plant  was  chosen  from  each  of  the  three  stocks,  and 
a  plot  was  planted  from  each  of  these  plants  in  1897.  From 
two  strongly  bearded  plants  of  two  of  the  best  stocks  of  the 
previous  year  plots  grown  in  1897  proved  to  be  very  strong, 
apparently  worthy  of  making  into  two  varieties,  though  both  came 
fron^he  same  cross-bred  seed  of  1893.  A  third  plot  planted 
in  1897  was  from  the  best  plant  of  a  weak  stock  of  the  pre- 
vious year.  It  had  been  observed  in  1896  that  some  of  the  plants 
from  this  cross  bore  but  few  seeds,  and  this  entire  stock  was 
almost  sterile.  The  seeds  grown  in  1896  generally  failed  to  grow 
in  1897.  Only  eight  per  cent,  produced  mature  plants,  and  these 
were  weak.  This  branch  of  the  stock,  unlike  the  two  bearded 
branches,  had  apparently  inherited  the  tendency  to  vary  strongly 
in  the  downward  direction,  or  was  a  non-fertile  hybrid, — a  mule. 

The  two  strong  stocks  were  continued  in  the  nursery  in  1898, 
by  planting  plots  from  the  strongest  plants  of  each,  and  they 
again  produced  plots  of  vigorous  plants,  one  of  them  being  among 
the  very  strongest  stocks  in  the'  nursery. 

This  is  an  extreme  case  of  variation  resulting  from  crossing 
two  varieties  which  are  not  closely  related,  as  shown  by  the  hairy 
chaff  of  one  parent  and  the  smooth  chaff  of  the  other.  And  there 
are  variations  towards  stronger  and  towards  weaker  types.  The 
weaker  forms  are  very  easily  eliminated  by  selection.  The  labor 
required  is  to  select  from  among  the  better  forms  those  which 
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re  the  very  best.  As  it  now  appears,  one  of  the  best  two  stocks 
rill  prove  superior,  but  it  may  require  a  number  of  field  trials  and 
lining  tests  to  decide  which  of  these  wheats  is  most  profitable  to 
row,  or  it  may  be  foimd  that  one  is  useful  in  one  part  of  the  state 
nd  the  other  in  another  part.  Such  variation  is  engendered  by 
rossing  wheats  that  from  a  single  kernel  a  number  of  useful,  yet 
istinct,  varieties  of  wheat  may  arise.  The  production  of  varia- 
ioiis  requires  only  a  few  minutes  or  at  most  a  few  hours.  Years 
re  required  to  properly  select  the  progeny  of  a  cross-bred  stock 
0  as  to  secure  the  most  useful  varieties. 

Time  Required  to  Reduce  Cross-bred  Wheats  to  a  Uniform 
yp^' — Several  wheats  known  to  be  true  crosses  have  been  devel- 
ped  by  multiplying  the  seeds  from  single  mother  plants  of  the 
econd  to  fourth  generation  after  the  cross,  and  in  each  case  little 
r  no  variation  has  occurred  among  the  plants  in  the  field. 

In  1894  a  plant  was  grown  from  a  grain  resulting  in  1893  from 

cross  between  Blue  Stem  and  Fife  parents.  The  seeds  of  this 
►lant  were  placed  in  the  nursery  in  1895.  Of  the  resulting  plants 
eventy-two  per  cent,  bad  hairy  chaff  like  the  Blue  Stem,  and  twen- 
y-eight  per  cent,  had  smooth  chaff  like  the  Fife. 

In  1896  seeds  from  several  hairy  plants  produced  plants  sev- 
nty-six  per  cent,  of  which  had  hairy  chaff,  and  seeds  from  several 
if  the  smooth  chaffed  plants  produced  plants  eighty-two  per  cent, 
►f  which  were  smooth  chaffed. 

In  1897  seeds  from  hairy  chaffed  plants  of  the  previous  year 
produced  plants  of  which  ninety-eight  per  cent,  were  true  to  type ; 
md  of  the  plants  from  seeds  of  smooth  chaffed  plants  ninety-seven 
>er  cent,  were  without  hairs  on  the  chaff. 

In  1898  of  the  hairy  chaffed  type  ninety-nine  and  one-half  per 
ent.  and  only  ninety-one  per  cent,  of  the  smooth  chaffed  plants 
:ame  true  to  type. 

If  newly  originated  cross-bred  wheats  can  be  reduced  to  type  in 
;o  few  years,  as  is  indicated  by  the  facts  above  mentioned,  the 
naking  of  cross-bred  varieties  is  not  difficult  from  the  standpoint 
)f  uniformity.  In  the  effort  to  secure  large  yields  with  superior 
luality,  botanical  appearances,  it  would  seem,  will  take   care   of 
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themselves.  These  facts  indicate  also  that  individuals  chosen 
large  yield  and  good  quality  will  continue  true  to  their  typ< 
these  most  im|K)rtant  characteristics. 

The  evidence  seems  conclusive  that  better  varieties  of  wl 
can  be  made  at  an  expense  which  is  indeed  very  small  when  o 
pared  with  the  increased  value  of  varieties  which  will  raise 
average  yield  per  acre  even  only  a  part  of  a  bushel. 
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he  average  yield  per  acre  of  wheat  in  Minnesota  is  several 
lels  below  where  it  should  be  maintained,  and  the  quality  is 
as  good  as  is  warranted  by  our  exceptional  conditions  of  soil 
climate.    The  cultivation  of  this  crop  is  not  given  that  atten- 

which  its  importance  in  Minnesota  farming  demands,  nor 
:h  the  intelligence  of  our  fanners  should  guarantee.  In 
r  endeavor  to  induce  farmers  to  leave  off  exclusive  wheat 
ving,  those  who  seek  to  promote  better  methods  of  farming 
i  too  often  berated  the  crop  rather  than  its  abuse;   and  the 

methods  of  cultivating  wheat  have   not  been   sufficiently 
hasized.    While  wheat  farming  should  be  condemned,  rais- 
wheat  as  one  of  the  prominent  features  of  the. general  farm 
'orthy  of  much  encouragement, 
here  are  many  farmers  who  cannot  profitably  bring  wheat 

their  system  of  farm  management.  This  is  especially  true 
lie  owners  of  light  sandy  lands  who  cannot  afford  to  grow 
»s  which  will  remove  so  much  fertility  from  the  farm  as 

wheat.  Some  dairymen  and  stock  growers  can  make  better 
of  their  land  in  producing  stock  food  than  by  growing  grain 
sale.     But  most  of  the  farmers  of  the  state  can  use  this 

with  profit  on  a  limited  portion  of  their  arable  fields.    Those 

have  the  most  live  stock  can  produce  the  largest  and  most 
itable  crops  of  wheat,  and  they,  having  an  abundance  of 
ure,  can  best  afford  to  grow  tho3e  crops  which  exhaust  the 
lity  of  the  fields. 

HOW  SHALL  WE  ROTATE  CROPS  ? 

i^stematic  rotation,  using  some  crops  to  prepare  the  soil  for 
rs,  is  not  so  clearly  understood,  nor  its  importance  so  fully 
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realized,  as  would  be  greatly  to  the  advantage  of  our  farm 
Our  rich  soils  have  led  us  into  profligate  and  wrong  practice 
the  management  of  our  fields.  Rotation  is  the  planting  of  cr 
in  a  regular  order  of  succession,  which  is  repeated  from 
series  of  years  to  another.  An  example  of  a  simple,  short  n 
tion  is  as  follows:  Wheat,  clover,  corn;  wheat,  clover,  cc 
etc. 

Since  the  small  cereals  succeed  best  after  cultivated  and  gi 
crops,  and  these  crops  succeed  well  after  the  cereals,  there  is 
advantage  in  growing  these  classes  of  crops  in  alternation,  rat 
than  in  planting  each  continuously  upon  separate  fields.  Nexl 
producing  profitable  crops  and  to  keeping  up  the  fertility  of 
soil,  keeping  down  weeds  is  the  most  important  result  of  rotat 
the  crops  in  a  given  field. 

Some  of  the  points  which  must  be  considered  in  planning 
rotation  of  crops  on  the  fields  of  a  farm  may  be  enumerated 
follows: 

1.  Devise  a  plan  of  rotation,  or  plans  of  rotations,  which  \ 
maintain  the  fertility  of  each  field  and  will  at  the  same  ti 
give  yearly  profits  from  the  farm. 

2.  Devise  and  make  a  drawing  of  a  plan  of  the  farm  \vh 
shall  be  divided  into  several  permanent  fields.  Where  practica 
each  field  should  be  fenced  and  connected  with  the  barnyards 
a  centrally  located  lane,  that  each  field  may  be  pastured  duri 
any  portion  of  year. 

3.  Where  the  farm  is  all  arable  land  it  pays  best,  as  a  rule 
^^^..  -*                       Minnesota,  to  bring  it  all  under  systems  of  rotation,  unless  1 

h'\iJr  location  of  some  fields  seriously  interferes,:— none  being  laid  do^ 

■*'^   .    ,  to  grass  permanently,  nor  other  portions  subjected   to  growi 

continuous  crops  of  grain. 

4.  To  retain  the  larger  part  of  the  fertility  on  the  farm,  t 
major  part  of  the  land  should  be  planted  to  coarse  forage  ai 
concentrated  grains  to  be  fed  to  live  stock,  growing  grain,  pot 
toes,  and  other  exhaustive  crops  for  market  on  only  twenty-fi 
per  cent.,  or  less,  of  the  total  area. 

5.  In  addition  to  a  good  plan  of  rotating  the  crops  where  cot 
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iss,  clover,  etc.,  are  used  to  keep  down  the  weeds,  and  to  keep 
the  fertility  for  the  exhaustive  crops,  each  crop  should  be 
nted,  cultivated  and  harvested  in  the  best  possible  manner. 
).  Keep  sufficient  live  stock  to  consume  most  of  the  crops- 
)duced ;  using  them  to  make  as  large  quantities  of  manure  as 
practicable.  This  manure  should  be  most  carefully  saved,  and 
ead  rather  thinly  on  the  fields,  that  its  greatest  effect  may  be 
ured. 

7.  Avoid  turning  under  ripe  weed  seeds;  kill  out  all  noxious 
eds,  as  mustard,  quack  grass,  burdock,  thistles,  etc.,  by  raising 
icial  crops,  by  bare  fallowing,  or  by  attacking  each  individual 
nt  as  the  particular  kind  of  weed  may  require. 
$.  Grow  wheat,  flax,  barley,  oats,  potatoes,  and  other  ex- 
istive  crops  for  sale  when  they  are  sufficiently  profitable  to 
lal  the  cash  returns  for  live  stock  products,  and  pay  also  for 
decrease  they  cause  in  the  fertility  of  the  fields. 
).  A  farm  on  which  one-third  of  the  land  is  devoted  to  grow- 
:  grain,  one-third  to  growing  grass,  and  one-third  to  growing 
igh  forage  for  feeding  live  stock  in  winter,  can  be  kept  up 
fertility  if  part  of  the  grain,  as  well  as  all  of  the  forage,  is  fed 
the  farm. 

10.  Too  much  land  in  pasture  can  be  avoided  by  growing 
n,  sorghum,  and  other  crops  for  soilage  or  for  succulent  an- 
il pasturage  in  midsummer,  when  pasture  grasses  are  dor- 
nt — these  crops  to  be  cured  and  used  for  dry  fodder  if  ample 
nfall  results  in  such  a  heavy  yield  of  forage  in  the  regular 
;ture  fields  that  they  are  not  needed  for  pasturage. 

11.  A  few  small  fields  near  the  barn  are  needed  on  which 
grow  annual  forage  for  soilage,  silage  or  dry  fodder,  or  crops 
roots  in  alternation  with  the  grains,  for  which  these  cleaning 
•ps  so  thoroughly  prepare  the  soil. 

12.  Rotation  of  crops,  thoroughly  planned,  and  held  to  in  a 
^tematic  though  not  too  rigid  manner,  brings  with  it  a  more 
lerly  arrangement  of  the  farm  business,  and  the  farmer  works 
greater  advantage,  with  clearer  purposes,  and  efforts  centered 
•  a  longer  time  on  definite  objects.     His  work  has  greater 
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cumulative  effects.    He  has  larger  ultimate  objects  to  work  fo 
and  has  greater  interest  and  pride  in  his  work. 

PLANS  FOR  CROP  ROTATION. 

In  Fig.  284  is  given  a  plan  for  rotating  the  crops  on  a  160-aci 
nearly  level  prairie  farm.  This  particular  rotation  would  su 
some  farms  in  southern  Minnesota,  and  with  minor  modifia 
tions  it  would  work  well  on  many  farms. 

Lack  of  space  here  will  not  admit  of  an  extended  discussic 
of  how  to  use  this  kind  of  a  drawing,  with  accompanjring  tabl 
for  a  farm  not  planned  as  is  this  one.  Those  who  are  apt  i 
arithmetical  and  mechanical  problems  will  be  able  to  make  sin 
ilar  plans  and  tables  for  the  future  arrangement  of  their  fanr 
and  field  crops. 

This  farm  is  arranged  for  two  sets  of  fields,  one  of  six  fielc 
of  twenty  acres  each,  the  other  of  three  fields  of  ten  acres  each.  0 
the  six  larger  fields  there  is  a  six-year  rotation.  In  this  rotatio 
com  is  followed  by  wheat,  and  with  the  wheat  timothy  and  ck 
ver  are  seeded.  If  the  grass  does  not  grow  sufficiently  well  t 
make  a  stand  it  is  plowed  under  and  wheat  and  grass  are  agai 
sown.  The  grass  is  used  for  meadow  for  one  or  two  season 
and  the  third  (or  the  second  and  third)  year  it  is  used  for  pai 
ture.  Where  more  convenient  some  fields  may  be  used  fc 
meadow  for  the  two  or  three  years,  and  other  fields  may  be  use 
for  pasture  during  their  periods  in  grass,  though  there  are  ac 
vantages  in  having  all  the  fields  fenced  so  that  the  aftermat 
and  other  shift  pastures  may  be  utilized,  and  so  that  the  gras 
may  be  in  pasture  during  the  last  year.    The  pasture  is  foUowe 


Note.— The  following  convenient  classification  of  pastures  and  meadows  is  use 

Permanent  PaBturea. — Lands  which  are  vown  to  grasses  with  a  view  to  nsiu 
'  them  permanently  as  pastures. 

Rotation  Paaturea. — Fields  on  which  grasses  and  clover  used  for  pasture  ai 
grown  in  alteration  with  grain  and  cultivated  crops  under  a  system  or  rotation. 

ilnnua/Pastiirvs.^Fields  on  which  are  grown  in  the  rotation  annual  crops,  i 
rye,  rape,  or  com,  which  are  pastured  off. 

Shift  Pastures. — Second  crops,  as  aftermath  on  timothy,  clover,  or  otlH 
meadows;  grain  stubble,  standing  com  stover;  grasses  used  for  pasture  in  tl 
early  spring  before  plowing  for  fodder  com  or  other  late  planted  crop;  rape  c 
turnips  planted  among  grain  and  pastured  off  in  autumn ;  crops  it^ured  by  hail  c 
otherwise  and  used  for  pasture  before  being  plowed  down,  etc.:  etc. 
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►y  a  small  grain  crop.  Here  sufficient  oats  and  barley  should  be 
^own  for  feed.  If  more  grain  is  grown  than  can  be  fed  out, 
vheat  or  flax  may  be  substituted  for  a  part  of  the  oats  or  barley 
luring  this  sixth  year.  The  seventh  year  the  rotation  is  again 
leg^n  with  a  crop  of  com. 

The  rotation  shown  in  Fig.  284  and  Table  LIX.  provides  about 
he  right  proportion  of  grain  and  feed  crops  for  a  farm  centrally 
cxrated  in  the  southern  half  of  the  state.  In  the  heavy  lands  of  the 
ted  River  Valley  more  small  grain  might  seem  wise,  and  on  our 
hin  soils  in  some  sections  of  the  eastern  portion  of  the  state  less 
jain  would  be  better.  The  sketch  of  the  rotation  on  the  farm,  to- 
gether with  the  tabular  statement,   is   not   g^ven  as  a  model  so 

Table  T*TX.    Showinr  Crops  on  Baoh  Field  Bach  Tear. 


E 

5 

i 

0 

7i 

5 
s 

a 
0 

i 
5 

: 

flu 

« 

a 
a 
< 

i 
5 

M 

5 

i 

1 

8 

0 
0 

u 

902 

A  20 

B  20 
I  10 
B  10 

c  20 

D  20 

G  20 

HIO 

I  10 

P  2 

p  1 

p  7 

903 

I  20 

K   20 
HIO 
B  20 

C  20 

B  20 
A  20 

D  20 

P  10 

G  10 

G  10 

B  2 

B  1 

B  7 

904 

G  20 

I  20 
D  10 
P  10 

C  20 

B  10 

D  10 

H2 

HI 

H  7 

90<S 

D  20 

0  2(» 
E  10 

1  20 

0  20 
HIO 

A  20 

B  20 

HIO 

C  10 

c  10 

P  2 
B  2 
H  2 

P  1 

P  7 

906 

C  20 

G  20 

I    20 

A  20 

P  10 

B  10 

B  10 

B  1 

B  7 

907 ... 

B  20 

C  20 
D  20 
F  10 

G  20 

I  20 

E  10 

A  10 

A  10 

H  1 

H7 

Note. — The  letters  in  the  squares  nader  the  columns  for  each  crop  indicate  the 
elds,  as  named  in  Pigs.  284.  286  and  286.  and  the  figures  show  the  acres  of  the 
rop  planted  in  the  respective  fields. 
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XAJOB  BOTATION.-Fielda  A,  B,  0,  D,  a  and  J. 

1.    Com— C.         1.     Wheat— W.         2.     Meadow— M.         1.    Rotation  Pasture- 
1.    Oata,  Barley,  Flax  or  Wheat— O.,  B.,  F.  or  W. 


KIKOB  BOTATION.-Fields  E,  F  and  H. 

Wheat— W.  Fodder  Com,  Roots  and  Potatoes— F.  C,  R.  and  P. 

Annual  Pasture- A.  P. 


il*^i 


Fiff .  284.— Botation  of  Crops. 


^n9$ 


20 

1 

0.,B.,F.  or  W.,  1902. 
C,     -       1903, 
W.,       -     1904. 
M.orW.,    -  1805. 
M.,    -    -    1906. 
R.  P  ,    -      1907. 

gS^^/liii 

0 

A.  P..  -  11 
W.,  .  -  11 
C.F.,R.andP..H 
A.  P.,  -  15 
W.,  -  IJ 
C.F.,R.andP..lJ 

I 

^ 

I 

20 

10 

R.  P.,     -     1902. 
O.,  B..F.  orW.,  1903. 
C,    -     -    1904. 
W.,     -       1905. 
M.orW.,    -   1906. 
M.,    -   -    1907. 

C.F.,R  and  P., 1902. 
A.  P.,    -     1903. 
W.,    -    -   1904. 
C.F.,R.andP.,1905. 
A.  P.,    -     1906. 
W.,    -    -   1907. 

W..  .  .  11 
C.F.,R.andP..lS 
A. P.,  -  1£ 
W..  .  .  IS 
C.F..R.andP.,l* 
A.  P..    -    IS 

G 

F 

20 

M.,    -    -     1902. 
R.  P..    -       1903. 
0.,B.,F.  or  W.,  1904. 
C.    -     -    1905. 
W.,     -       1906. 
M.orW.,    -   1907. 

M.orW.,    -   1902. 
M.,    -    -    1903. 
R.  P.,    -    -   1904. 
O.,  b.,  F.  or  W.,  1905. 
C.    -    -     1906. 
W.,     -    -   1907. 

D 

20 

W.,    -    -     1902. 
M.orW.,    -   1003. 
M.,    -    -    1904. 
R.  P.,    -    -   1905. 
0.,B.,  F.  or  W.,  1906. 
C,    -    -     1907. 

C,    -    -     1902. 
W..     -    -   1903. 
M.  or  W..  -    1904. 
M.,     -    -  1905. 
R.  P.,          1906. 
O.,  B.,  F.  or  W.,  1907. 

B 

Note. — The  letters  in  the  lower  corners  of  the  several  fields  of  this  160  acre  fa 
are  tii«ed  as  names  of  the  respective  fields,  all  of  which  are  fenced  :  and  the  flgures 
the  upper  corners  show  the  number  of  acres  in  the  fields.  The  crops  ^own  in  e« 
field  for  each  of  six  years  are  shown  in  the  center  of  the  field  by  the  abbreviatio: 
which  are  explained  above.  As  shown  here  and  in  Table  LIX,  the  crops  arc  alt 
nated  from  field  to  field  in  such  a  manner  that  nearly  similar  amonnts  of  each  cr 
are  grown  each  vear.  By  adding:  crops  in  the  same  order  of  succession,  the  roi 
tion  can  be  continued  indefinitely  for  each  field. 
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much  as  to  illustrate  the  method  of  making  a  working  plan  which 
will  be  on  record  for  reference  at  any  time.  At  the  close  of  each 
crop  year 'the  plan  should  be  rtdrawn,  if  any  changes  are  needed, 
that  they  may  be  inserted  in  the  new  plan  and  in  the  tabulated 
statement.  Besides  this  general  plan,  another  plan  of  the  farm 
should  be  drawn  at  the  end  of  each  year,  giving  the  actual  his- 
tory of  the  crops  grown  the  previous  year.  Such  a  plan  for  the 
year  1902  is  shown  in  Fig.  285. 


Fiff.  886.— History  of  Yields  of  Crops  Ghrown  in  1908. 


20 

Oat«  10 

d  4^8  bn  «4>80 

12  T.  Straw 

I 

Wheat  10 
@  22  bti.»220 
10  T.  Straw 

1 

10 

Annual  Pasture 
Rye,  followed  by 

Com. 

Pastured  20  cattle 

00  days 

H 

20 

10 

Fodder  Com  7 
35  Tons 

10 

Wheat    « 
®  24  bu.=-240 
\QV2  T.  Straw 

B 

Rotation  Paattire 

Pasttired  3  colts  and  20  cattle 

8u  days 

Mangels  2 
30  Tons 

1 

i 

Potatoes  1 
160  bn. 

20 

Meadow 

%  Timothy.  ^Clover. 

1^  Tons  Hav 

Pasttired  20  cattle  and  3  colts  23 

days  on  second  crop 

D 

20 

Meadow 

%  Timothy.  %  Clover 

2  T.  Ist  Crop 

7^T.  2dCrop 

C 

20 

Wheat 

22  bu.=^4-tO  bu. 

18  T.  Straw 

B 

20 

Corn 

4^5  bu.  per  a  =900  bu. 

30  T.  Stover 

A 

Note. — Piff.  286  shows  a  plan  of  recording  the  history  of  the  crops  on  each  field 
for  a  giTcn  year.  Such  a  history  for  each  of  ten  years  would  be  very  interesting 
and  valuable  as  an  aid  to  further  plan  the  farm  and  field  management. 
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Since  the  manure  should  be  applied  to  the  com  crops  in  th 
major  rotation ,  and  to  the  cultivated  crops,  as  fodder  com  an( 
roots,  in  the  minor  rotation,  the  plan  for  manuring  the  fields  caj 
be  shown  in  another  drawing  as  in  Fig.  286.  This  provides  tha 
thirty  of  the  150  acres  shall  be  manured  each  year;  the  fields  0 
the  major  rotation,  receiving  manure  once  in  six  years,  and  th 
fields  in  the  minor  rotation  once  in  three  years.    Since  the  field 


Fir.  dsa- 

-Dates  for  Kanarinr  Baoh  Field. 

20 

1903 

B^UltllS^ 

^i4 

1004  and  1907 

/ 

I 

5?a 

1 

2U 

10 

1904 

1902  and  1905 

1903  and  1906 

4 

G 

F 

20 

1905 

1                                    1906 

D 

1 
1 

20 

1907 

Manure  for  Crop  of  1902. 

B 

Note.— In  Fig.  286  is  a  plan  of  the  farm  shown  in  Figa.  284  and  286.  in  whi< 
*r?  °J?.^^  *^*  years  in  which  manure  is  to  be  applied  to  each  field.  By  comparix 
this  Fig.  with  Fig.  284.  it  will  be  seen  that  fields  A,  B,  C,  D,  G  and  I  are  manun 
every  sixth  year  when  the  field  is  planted  to  corn ;  and  that  fields  E.  F  and  H  a 
manured  every  third  year  when  fodder,  corn,  roots  or  potatoes  are  planted. 
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of  the  minor  rotation  may  become  too  rich  for  crops  of  wheat, 
if  manured  every  third  year,  and  since  the  larger  fields  will  take 
•care  of  more  manure,  it  may  be  best  occasionally  to  manure  these 
•smaller  fields  only  once  every  second  course,  or  every  sixth  year. 
Spreading  the  annual  accumulation  of  manure  out  over 
twenty  or  thirty  acres  of  ground  will  insure  that  no  piece  of  land 
be  at  any  time  too  heavily  manured  for  wheat,  even  though  it  be 
heavy  land.  On  our  richer  lands  ten  tons  of  manure  per  acre  ap- 
plied to  a  com  crop  grown  preparatory  to  growing  a  crop  of 
wheat  is  better  than  more.  In  other  words,  we  get  more  benefit 
to  wheat  from  manure  if  spread  thinly  than  if  applied  to  a  lesser 
amount  of  land.  And  this  is  also  true  regarding  the  crop  of  com 
or  roots  which  should  be  grown  between  the  manuring  and  a  crop 
of  wheat.  It  will  be  observed  in  manuring  on  the  minor  ro- 
tation fields  that  a  cultivated  crop  or  a  crop  of  annual  pastur- 
age is  grown  after  the  manure  is  applied  before  the  wheat  is 
planted.  While  wheat  receives  a  benefit  from  a  direct  applica- 
tion of  stable  manure  from  being  better  nourished,  it  also  receives 
an  injury  which  often  more  than  counter-balances  the  benefit.  Its 
growth  of  leaves,  stems  and  roots  is  made  too  strong  in  the  early 
part  of  the  season,  and  the  overgrown  plants  produce  compara- 
tively little  seed  of  poor  quality.  The  less  active  residue  of  the 
-manure  when  wheat  follows  a  crop  of  com  to  which  manure  was 
applied  greatly  benefits  the  wheat  without  injuring  it,  afid  in  the 
interim  the  com  will  have  taken  most  valuable  toll  from  the  ma- 
nure. Unlike  the  wheat,  com  gets  great  good  and  rarely  any 
injury  from  freshly  applied  barnyard  manure. 

Fig.  287  shows  a  i6o-acre  farm  with  most  of  its  fields  growing 
grain  continuously,  while  on  a  comparatively  small  portion  of 
the  land  near  the  buildings  permanent  pastures  and  meadows  are 
•maintained. 

There  is  a  most  serious  loss  in  two  ways.  The  permanent  past- 
ures in  our  climate,  subject  as  it  is  to  summer  droughts,  do  not 
yield  well;  not  so  well  as  rotation  pastures.  But  worse  than  this 
is  the  loss  from  poor  crops  of  grain  on  the  remainder  of  the 
iarm.     These  outer  fields  need  the  beneficial  influence  of  being 
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occasionally  seeded  to  grass,  and  the  fields  now  used  for  pastui 
would  produce  excellent  grain.  More  land  should  be  in  gras 
less  should  be  in  grain,  and  more  stock  should  be  kept  as  a  meai 
of  retaining  and  even  increasing  the  supply  of  available  plai 
food  in  the  fields.  The  dift'erence  of  profit  under  the  two  systen 
of  field  and  farm  management  is  brought  out  in  the  next  sectio 
Wheat  Farming  vs.  Wheat  on  the  General  Farm. — The  histoi 
of  all  Minnesota  counties  which  have  been  settled  for  twen 
years  or  longer  is  similar  in  that  good  crops  of  wheat  were  pr 

Fiff  287— A  Poorly  Planned  Farm. 


Oats. 


Wlxeat. 


Pig.  287.  A  poor  rotation  on  a  grain  farm  of  160  acres.  The  onlj  rotation  is 
change  the  wheat  with  the  oats  and  corn,  alternate  years.  Dotted  lit 
mark  fields  and  solid  lines  mark  fences. 
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duced  for  a  period  of  ten  to  twenty  years,  but  sooner  or  later  there 
was  a  decline  in  yield  and  in  quality.  There  was  an  occasional 
good  crop,  but  the  yields  and  grades  become  more  irregular  and 
unsatisfactorv'.  The  comparatively  low  average  yield  per  acre, 
with  the  prevailing  low  prices,  resulted  in  small  profits  to  the 
farmers.  This  decline  in  wheat  crops  has  been  observed  in  all 
parts  of  the  state ;  earlier  in  southeastern  counties  and  during  re- 
cent years' in  the  western  and  northwestern  counties.  And  adja- 
cent states  have  had  the  same  experience.  Some  of  the  causes 
can  be  enufnerated,  only  part  of  which  operate  in  any  one  dis- 
trict in  any  given  year.  Prominent  among  these  causes  of  re- 
duced crops  of  wheat  may  be  mentioned  rust,  weeds,  chinch  bugs 
and  smut. 

On  the  other  hand,  farmers  and  communities  which  have  in- 
troduced large  mmibers  of  domestic  animals  into  their  plan  of 
farm  management  and  have  practiced  rotation  in  their  field  crops, 
with  wheat  as  only  one  of  the  principal  diversities,  have  met  with 
much  better  financial  success.  This  fact  has  come  to  be  generally 
recognized  and  the  proof  has  recently  been  placed  on  a  math- 
ematical footing  by  means  of  statistics  gathered  by  Mr.  L.  G. 
Powers,  then  State  Commissioner  of  Labor.  From  the  records 
of  mortgage  foreclosure  sales  in  the  wheat  growing  counties, 
and  al^o  in  counties  where  wheat  is  only  one  of  several  products, 
among  which  live-stock  and  dairy  commodities    are   prominent, 

TABLB  LX.— Proportion  of  Kortvave  Forecloauro  Sales  for  18  years 
in  the  State,  in  wheat  Counties,  in  Counties  where  Dlversiiled  Farm- 
inr  is  Practised  and  in  Suburban  Districts. 
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he  has  collected  the  average  mortgage  foreclosure  sales  showinj 
that  wheat  farming  lias  not  been  so  profitable  as  diversified  farm 
ing.  In  Table  LX.  .are  given  his  summaries  showing  th 
relative  mortgage  foreclosure  sales  in  the  two  classes  o 
counties.  The  summaries  are  given  for  biennial  periods  and  ex 
tend  through  eighteen  years.  The  left-hand  column  of  figure 
shows  that  in  the  entire  state  there  was  sold  under  mortgage  fore 
closures  one  acre  to  every  hundred  fifty-one  acres  of  assessei 
lands,  the  range  being  from  one  acre  in  one  hundred  and  thirt; 
to  one  in  two  hundred  acre^ 

In  the  right-hand  column,  showing  the  proportion  of  mortgag( 
foreclosure  sales  in  the  wheat-raising  counties  of  the  westen 
and  northwestern  parts  of  the  state,  the  average  rises  to  one  acn 
sold  under  mortgage  to  every  one  himdred  and  fifteen  acres  as 
sessed;  the  range  for  the  biennial  periods  being  from  one  ii 
eighty-one  to  one  in  one  hundred  and  eighty-three.  The  lattei 
is  for  the  biennial  period  of  1 880-1,  at  which  time  comparativel) 
few  of  the  many  mortgages,  then  newly  made,  had  fallen  due 
During  the  last  fifteen  years  the  condition  of  the  farming  busi- 
ness in  Uiis  "wheat  belt"  had-  not  become  better  nor  particularl) 
worse.  The  mortgage  foreclosure  saies  of  farm  lands  averagoc 
about  oiie-fourtli  more  than  for  the  entire  state. 

In  the  next  to  the  right-hand  column  are  figures  representing 
the  proportion  of  mortgage  foreclosure  sales  in  the  southeastern 
corner  of  the  state.  Here,  at  the  beginning  of  the  period  covered 
by  the  statistics,  wheat  was  still  grown  in  large  quantities,  and 
the  proportion  of  land  sold  under  mortgage  to  the  total  on  the 
assessment  rolls  was  one  to  one  hundred  and  eight.  Very  soon 
after  this  the  farmers  began  to  increase  their  herds,  to  raise  tim- 
othy and  clover  seed  instead  of  wheat,  to  grow  corn  for  stock  and 
to  develop  co-operative  dairying.  The  effect  on  their  prosperity 
was  immediate  and  lasting.  The  figures  in  the  table  show  that 
the  mortgage  foreclosure  sales  soon  ran  down  to  about  one- 
fourth  the  former  proportion,  and  the  local  bankers  testify  that 
the  farmers  became  lenders  rather  than  borrowers  of  money.  It 
is  not  too  much  to  say  that  still  better  systems  of  field  and  farm 
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management  could  be  practiced  which  would  add  as  much  more 
to  the  prosperity  as  has  the  change  from  grain  farming  to  gen- 
eral farming.  Better  farming  has  already  been  entered  tipon, 
and  really  good  farming  is  sure  to  come  at  an  early  date. 

In  marked  contrast  to  the  prosperity  of  the  farmers  in  the  dis- 
trict where  general  farming  has  gotten  a  fair  foothold  is  the 
condition  of  land  speculators  near  the  large  centers  of  popula- 
tion. Mr.  Powers  has  tabulated  the  averages  for  the  Fifth  Con- 
gressional district,  which  is  composed  of  Hennepin  county,  in 
which  are  located  the  city  of  Minneapolis  and  the  simimer  re- 
sorts about  Lake  Minnetonka.  #The  figures  are  given  in  the 
center  of  the  table.  The  mortgage  foreclosure  sales  here  in- 
creased about  as  they  had  decreased  in  the  southeastern  counties. 
Doubtless  in  the  Fifth  district  the  mortgage  foreclosures  were 
largely  due  to  the  payment  of  speculative  prices  for  lands 
near  the  city  or  near  the  lake.  When  the  hard  times  came  the 
large  debts  could  not  be  carried,  and  the  speculators  lost  the 
lands. 

In  conclusion  Mr.  Powers  says  substantially  as  follows :  The 
agricultural  department  of  the  State  University  and  its  various 
experiment  stations  have  rendered  the  farmers  of  the  state 
great  assistance  in  ascertaining  by  experiments  and  investiga- 
tions what  lines  of  farming  can  profitably  be  pursued  in  the  va- 
rious sections  of  the  state,  and  the  conditions  under  which  such 
profit  can  most  fully  be  attained.  In  this  way  the  school-house 
and  its  students  prove  potent  agencies  in  ameliorating  bad  finan- 
cial conditions. 

Causes  of  Poor  Profits  in  Wheat  Farming, — The  several  causes 
which  lead  to  poor  profits  from  raising  little  else  than  wheat 
are  not  as  yet  well  understood.  Some  factors  may  be  enumer- 
ated as  follows:  (i)  In  raising  wheat  after  wheat  the  land  is 
left  in  poor  mechanical  condition  for  wheat  ;^  (2)  the  store  of 
available  plant  food  is  gradually  reduced;  (3)  the  humus  of 
the  soil  is  reduced  to  a  low  point ;  (4)  weeds  become  numerous; 
(5)  chinch  bugs  and  some  other  insects  thrive  on  land  kept 
continuous  in  a  crop  on  which  they  feed ;   (6)   rust  is  present 
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in  quantities  to  overwhelm  the  plants  of  wheat;  (7)  poor  met! 
ods  of  managing  the  soil  and  crop  too  often  are  faults  of  th 
wheat  farmer;  (8)  wheat  raising  provides  profitable  emplo) 
ment  for  farm  labor  for  only  a  part  of  the  year;  (9)  plan  tin 
a  large  acreage  to  small  erains  requires  much  labor  at  gpive 
seasons  of  the  year,  and  crowds  out  other  crops  and  enterprise 
which,  if  started,  would  give  profitable  employment  at  seasor 
when  the  wheat,  oats,  barley,-  and  flax  require  no  labor;  (10 
wheat  farming  leads  to  the  wasteful  expenditure  of  money  i 
poorly  preserved  farm  machinery;  (11)  raising  small  grains,  a 
practiced,  calls  into  action  less  inteUigence  and  gives  less  indivic 
ual  employment  to  the  farmer,  his  wife  and  his  children,  tha 
comes  from  carrying  on  the  more  complex,  yet  more  enjoyable 
occupation  of  general  farming  with  live  stock,  wheat,  and  othe 
specialties;  (12)  grain  farming  does  not  build  up  the  wealt 
of  the  community  so  rapidly  as  general  farming;  (a)  there  i 
less  pennanent  farm  investments,  as  fertility,  buildings,  fence 
etc. ;  (b)  there  is  less  development  of  villages  and  towns  in  mei 
cliandising,  manufacturing  and  financial  estabhshments ;  (13 
the  community  of  interests  is  far  less  in  the  grain  farmin 
community  than  among  people  who  raise  stock,  vegetables,  fruit 
etc.,  along  with  grain. 

WHEAT  IN   ROTATION   PAYS   >VELL. 

Wheat,  if  properly  grown,  is  by  all  means  our  most  profitabl 
grain  crop,  and  easily  stands  at  the  head  of  all  Minnesota  proc 
ucts  in  the  amount  of  money  it  brings:  In  1898  the  income  t 
the  state  from  the  wheat  produced  approximated  fifty  millio 
dollars,  while  the  dairy  products  brought  about  twenty  millio 
dollars. 

While  we  have  been  promoting  other  lines  of  farming  tlu 
the  large  acreage  of  wheat  might  in  part  give  way  to  other  crop: 
we  have  given  too  little  attention  to  methods  of  making  tli 
wheat  we  should  raise  pay  us  better  profits  per  acre.  This  ha 
been  in  part  due  to  the  great  difficulties  met,  and  the  long  tim 
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uired  in  detennining  questions  of  field  practice.  Manufactur- 
of  machinery  have  done  very  much  to  improve  the  methods 
planting  and  harvesting  wheat,  but  methods  of  farming  cal- 
ated  to  prepare  fields  for  wheat  are  wrought  out  but  slowly. 
Fhe  North  Dakota  Experiment  Station  has  shown  that  where 
eat  after  wheat  in  the  Red  River  Valley  yields  only  moderate 
>ps,  wheat  after  com  or  other  cultivated  crops,  or  wheat  after 
iss,  yields  very  good  crops.  In  the  older  sections  of  the  state 
ny  farmers  who  for  a  time  left  off  raising  wheat  have  again 
ced  this  among  the  crops  raised  in  the  rotation.  Ohio,  Penn- 
vania,  New  Jersey,  and  other  eastern  states,  where  the  sur- 
is  of  fertility  has  been  exhausted  and  commercial  fertilizers 
ist  be  purchased,  are  raising  considerable  wheat  even  with 
jsent  low  prices.  The  strong  reasons  for  continuing  this  crop 
the  rotation  are  there  appl^eciated.  As  our  southeastern  coun- 
5  swing  from  the  extreme  of  all  grain  to  no  wheat,  a  medium 
int  is  found  and  a  limited  acreage  of  wheat  is  grown. 
The  advantage,  of  using  previous  crops  to  prepare  the  land 
■  good  wheat  crops  has  been  most  clearly  demonstrated  by  the 
>rth  Dakota  Experiment  Station.  From  a  report  made  by 
of.  John  H.  Shepperd,  in  the  Eighth  Annual  Report  of  that  sta- 
n,  the  six  following  tables  have  been  compiled : 
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TABIjB  LXI.— "Wheat  Continuonaly. 


PLOT 

1892 

1893 

1894 

1895 

1896 

1897 

21.5 
19.8 
21.1 
20.0 
19.4 
17.3 

8.2 
10.0 

8.1 
11.8 

8.6 

9.& 

20.0 
21.8 
20.3 
22.6 
18.8 
15.6 

24.0 
23.0 
22.5 
24.5 
23.5 
23.0 

16.1 
17.9 
15.8 
16.4 
19.5 
13.4 

13.1 

15.0 

17.8 
18.2 

14.5 

10.3 

rasre  of  6  olots 

3  9.8 

9.4 

19.7 

23.4 

16.2 

14.8 

trol  ATcrage 

17.2 

n  Table  LXL  are  given  the  yields  of  wheat  for  1892  to 
►7,  inclusive,  of  six  plots  on  which  wheat  had  been  grown  con- 
lously  for  several  previous  years. 
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TABIiB  liXII.— Wheat  after  Fallow. 


Plot 

1892 

189S 

1894 

4 ' 

15                 

Bare  fallow. 
Bare  follow. 
Bare  fallow. 
Bare  fallow. 

11.8 
16.0 
19.6 
14.1 

23.8 
25.8 

20      

26.6 

26 

21.0 

Averafire  4  plots 

15  4 

240 

General  Average 

19.7 

In  Table  LXII.  the  record  is  given  of  the  yields  of  wheat 
1893  and  1894  on  plots  on  which  the  continuous  wheat  croppi 
was  avoided  by  a  bare  fallow  in  1892. 


TABLE  ULUI.— Wheat  After  OoltlTated  Orop. 


ri5i 


|fi:f    !:.M«I 


riitl'^ 


V 


:i:rl 


liti*'^- 


Plot 

1892 

1893 

1894 

5 

Com 
88  bn. 

Corn 
87  bn. 

Kape 

51^  T. 

M  angels 

7^  T. 

144 
172 
19.6 
18.5 

25  0 

6 

24  8 

12 

26  3 

13 

26  3 

Average  of  4  Plots 

17.4 

25.6 

General  Average.. 


..21.5 


In  Table  LXIII.  are  given  the  yields  of  wheat  for  1893  ai 
1894  on  plots  on  which  com,  rape  or  potatoes  were  cultivated 
1892. 

TABLE  XiXIV.— Wheat  After  Barley,  Oats,  Spring  Bye. 


Plot 

1892 

1893 

1804 

21 

Spring  Rye 

13  2 
Barlev 
29bu. 

Oats 
75  bn. 

10.6 

6.4 

lO.l 

18.5 

22 

18.6 

23 

18.0 

Average  of  3  Plots 

9.0 

18.3 

General  Average 13.7 

In  Table  LXIV.  are  found  the  yields  of  wheat  in  1893  ar 
1894  on  plots  which  grew  crops  of  barley,  oats,  or  spring  rye  : 
1892. 
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Table  liXV.    TteUL  of  Wheat  in  Botatione.   Buahele  per  Acre. 


; 


leat  continnoaflly 

leat  after  Fallow 

leat   after    Cnltivated 
Iropa 

leat  after  Oats,  Barlev 
nd  Spring  Kye 


1892. 


19.8 
fallow 

rctilt.\ 
Xcrpa/ 


[oats] 
bar- 

m 


1898. 


9.4 
15.4 

17.* 
9.0 


1894. 


19.7 
24.0 

25.6 
18.3 


Aver- 
age 
for  2 
years, 
1893 
and 
1894. 


14.5 
19.7 

21.5 
18.3 


Av. 
Gain 

or 
Loss 
1893. 


+6.0 
+8.0 

—0.4 


Av. 
Gain 

or 
Loss 
1894. 


+4.3 
+5.9 

—1.4 


Av. 
Gain 

or 

Loss 

for 

Two 

Years. 


+5.2 
+7.0 

—0.9 


In  Table  LXV.  are  collected  the  averages  of  all  the  four 
[)les  mentioned.  Here  we  are  able  to  compare  the  yields  of 
leat  under  continuous  cropping ;  following  the  bare  fallow,  twice 
Dwed;  following  crops  of  com,  potatoes  or  rape  kept  clean 
weeds  by  thorough  tillage;  and  following  the  other  spring 
ains,  barley,  oats,  and  spring  rye. 

The  difference  in  average  yield  for  the  first  year 
:er  the  alternating  crop  is  shown  in  the  seventh  column. 
lere  is  an  increased  yield  on  the  fallow  land  of  six  bushels  per 
re ;  and  of  eight  bushels  on  the  land  on  which  crops  were  culti- 
ted.  On  the  land  on  which  oats  were  grown  the  previous  year, 
ire  was  raised  four-tenths  of  a  bushel  less  of  wheat  in  1893 
m  on  the  land  which  had  been  in  wheat  continuously.  The  sec- 
d  year  following  the  fallow,  column  eight  shows  the  increased 
Jd  to  have  been  four  and  three-tenths  bushels ;  and  following 
Itivated  crops  there  was  an  increase  of  five  and  nine-tenths 
shels;  while  following  oats,  barley  and  spring  rye  there  was 
ain  a  decreased  yield. 

In  column  9  the  average  increased  or  lessened  yields  for 
t  two  years  are  given.  It  should  be  here  noted  that  the  third 
ar  there  was  but  little  increased  yield  on  the  plots  which  had 
en  fallowed  or  had  borne  a  different  crop  in  1892.  The  good 
:ect  lasted  only  to  the  first  and  ^cond  years. 
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Table  liXVI.   Tield  of  Wheat  after  Rotation  Xeadow.    Bnshelfl  per  . 


S 

— 

« 

it 

»^  . 

^« 

«© 

^ 

>4J- 

10 

o 

11 

o 

0) 

Plot. 
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(3 
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00 
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00 

oo 

>- 

"5 

"S 

H 

H 

ri 

T^ 

H 

< 

o 

o 

Clo.  & 
T.  Hay 

Clo.  & 
T.Hay 

16 

19.6 

2070 

3225 

31 

20.5 

25.8 

7.6 

4.3 

Av.  6  Plots  Wheat  Contin- 

nonfll  Y ' 

19.8 

9.4 

19.7 

28.4 

16.2 

19.8 



In  Table  LXVl.  we  have  in  comparison  with  the  plots  growi 
wheat  continuously  a  plot  which  had  been  in  timothy  and  clo'^ 
meadow  for  two  years.  Here  the  average  increased  yield  ¥ 
six  bushels  per  acre. 

The  record  of  this  experiment  is  of  great  value.  In  1893  2 
1894,  on  land  which  had  grown  wheat  continuously  for  ten  yea 
twelve  plots  of  wheat  yielded  an  average  of  fourteen  and  fi^ 
tenths  bushels  of  grain  per  acre.  This '  is  about  the  avera 
yield  of  large  sections  of  our  state.  By  bare  fallowing  c 
year  the  yields  of  wheat  were  increased  four  to  six  bushels  i 
acre  for  the  two  succeeding  years.  By  growing  a  crop  of  coi 
potatoes,  rape,  or  by  sowing  clover  and  timothy,  the  yiel 
were  increased  six  to  eight  bushels  per  acre.  Broadly  stat< 
this  experiment  shows  that  the  yields  per  acre  on  our  wh< 
farms  will  be  increased  thirty  to  fifty  per  cent,  by  alternating  t 
wheat  with  other  crops.  This  necessitates  growing  in  rotati 
with  the  wheat  those  crops  which  can  be  marketed  only  throu 
the  medium  of  live  stock.  It  means  that  to  make  profits  out 
wheat  we  must  produce  wheat  as  one  of  several  farm  produc 
We  must  use  stock  and  the  crops  which  they  consume  to  help 
grow  wheat.  * 
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PREPARING    CORN    LAND    FOR    WHEAT. 


The  first  and  most  important  consideration  in  preparing  land 
or  wheat  following  com  or  other  hoed  crop  is  that  the  cnltiva- 
ion  be  so  thorough  as  to  leave  the  land  free  of  weeds.  The 
ecent  development  of  the  com  harvester,  and  a  better  selection 
f  varieties  of  com  for  each  locality,  have  started  a  new  impetus 
1  corn  growing.  Com  for  fodder  and  com  for  ears  and  stover 
re  rapidly  invading  the  wheat  districts,  increasing  the  live  stock 
iterests,  aiding  in  raising  wheat,  and  yet  by  means  of  live  stock 
iding  in  retaining  the  fertility  of  the  land.  The  front  line  of 
iie  com  belt  has  moved  northward  fifty  miles  within  several 
ears,  and  it  is  traveling  more  rapidly  than  ever. 

As  a  matter  of  necessity,  weedy  com  land  must  be  fall-plowed 
r  spring-plowed  for  wheat;  but  as  a  mle,  in  most  sections 
f  Minnesota,  the  com  stubble  which  has  been  kept  clean  of  weeds 
hould  not  be  cross-plowed.  That  wheat  does  well  after  com 
rithout  plowing  is  a  matter  of  common  experience  in  all  parts  of 
le  state.  In  case  the  com  stubble  is  fall  or  spring 
lowed,  the  soil  is  made  loose  to  the  depth  of  several  inches. 
Vhere  the  seed  is  sowed  broadcast  without  plowing  and  cov- 
rd  with  the  disk  harrow,  smoothing  with  the  Scotch  harrow, 
nly  the  upper  half,  of  the  furrow  slice  is  made  loose  and  open. 
Tie  lower  portion  of  tlie  furrow  slice,  having  become  compact 
ince  it  was  plowed  a  year  before  for  the  com  crop,  has  become 
loroughly  connected  with  the  capillary  moisture  below.  The 
)p  of  the  moist  soil — the  moisture  line — does  riot  remain  at 
le  bottom  of  the  furrow  slice,  as  in  case  of  the  replowed  land, 
ut  rises  part  way  through  the  furrow  slice,  and  stops  at  the 
ottom  of  the  layer  of  earth  made  loose  by  the  disk  harrow. 
Tiis  lower  half  or  two-thirds  of  the  furrow  slice  is  the  richest 
art  of  the  soil.  It  contains  not  only  much  of  the  manure  which 
as  been  applied,  but  plant  food  which  has  risen  with  the  upward 
ow  of  the  capillary  water,  and  which  has  been  deposited  with  the 
raporation  of  the  water  from  the  surface  of  the  soil.    It  makes 
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a  difference  with  the  crop  whether  the  plant  finds  sufficient  wa 
in  the  lower  part  of  the  furrow  slice  to  allow  it  to  gather  fc 
there,  or  whether  it  must  find  all  its  nourishment  in  the  subs 

PREPARING  THE  SOIL  FOR  THE  SEED. 

In  most  instances  spring  wheat  should  be  planted  in  Min 
sota  very  soon  after  the  frost  has  left  the  surface  soil.  To  t 
end  stubble  or  grass  land  should  be  plowed  in  the  fall ;  and  o 
stubble  or  potato  land  should  be  cleaned  of  stalks  or  other  r 
bish,  and  where  practicable  pulverized  in  the  autumn.  Wh 
grass  and  clover  seeds  are  to  be  sown  with  the  wheat  crop,  i1 
especially  important  that  the  wheat  and  accompanying  seeds 
sown  while  the  soil  is  moist  and  cool,  that  there  may  be  a  bet 
chance  of  securing  a  catch  of  grass.  Failure  to  get  a  stand 
grass  occurs  less  frequently  when  the  wheat  is  sown  after  a 
than  after  most  other  crops. 

Com  stubble  should  be  broken  down  to  the  ground  when 
soil  is  frozen.    For  this  purpose  a  heavy  square  timber  or  a  r; 
■  '^«^   .,  -j ji  road  iron  drawn  by  hitching  one  or  two  horses  to  either  < 

liTi^^J  can  be  utilized.    Cornstalk  cutters  are  in  some  cases  useful,  1 

a  sharp  .disk  harrow  often  makes  it  unnecessary  to  use  a  st 
cutter,  even  where  the  corn  was  husked  from  the  standi 
stalks.  In  some  cases  it  w^ill  be  wise  to  thoroughly  pulverize 
corn  stubble  land  before  seeding,  so  that  a  drill  may  be  used 
advantage.  In  other  cases  the  better  plan  is  to  sow  the  wh 
broadcast  and  cover  with  the  disk  harrow,  the  com  cultivator, 
other  implement  which  will  turn  the  soil  up  to  the  depth  of  t 
''^*t;.  ,  J  or  three  inches.    In  case  a  farmer  has  only  a  shoe  drill,  that  i 

plement  may  be  successfully  used  instead  of  the  broadcast  seed 
where  the  disk  is  to  follow  the  sowing.  By  drilling  the  wheat 
shallow,  it  is  so  placed  that  it  will  be  turned  under  by  the  d 
or  other  cultivator.  Any  good  method  which  plants  the  whi 
at  the  proper  depth  and  leaves  the  surface  soil  level  and  smo< 
will  succeed. 

Grass  sod  should  be  fall-plowed  for  wheat.    Early  plowing 
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3ften  the  better  for  timothy,  while  in  case  there  is  growing  a 
heavy  second  crop  of  clover  it  is  wiser  to  defer  the  plow- 
ing until  a  crop  can  be  removed  or  until  it  has  developed  a  large 
tonnage  of  green  manure.  The  crop  is  worth  more  for  feed  than 
for  green  manure,  if  there  is  at  hand  profitable  live  stock  to  make 
use  of  it,  since  the  manure  can  largely  be  returned  to  the  land. 
Grass  makes  a  good  preparation  for  wheat;  while  the  atmos- 
pheric nitrogen  added  by  the  clover  to  those  soils  which  have 
>een  depleted  of  this  fertilizing  substance  often  increases  the  fol- 
lowing crop  of  grain  several  bushels  per  acre. 

Stubble  land  after  small  grain  crops  is  of  necessity,  or  of 
dioice,  very  much  used  for  crops  of  wheat.  This  land  cannot  be 
g^otten  into  good  mechanical  condition  for  wheat.  The  stubble 
ind  weeds  are  coarse,  do  not  quickly  decay  into  humus,  and  tend 
;o  make  the  furrow  slice  too  loose  for  capillary  water  to  rise 
nto  it,  and  too  open,  allowing  too  free  circulation  of  air.  Where- 
tvcT  practicable,  in  a  climate  which  is  subject  to  periods  of 
irought,  and  in  which  grain  crops  are  planted  continuously,  it  pays 
:o  bum  the  stubble  and  weeds.  The  fire  destroys  many 
iveed  seeds,  and  destroys  the  coarse  materials  which  would  do 
nore  harm  than  good.  The  extra  cost. of  making  less  than  a 
:on  of  bamydfrd  manure  to  take  the  place  of  the  humus-making 
>tubble  and  of  the  nitrogen  lost  in  burning  is  far  less  than 
:he  los«  arising  from  coarse  stubble  in  the  furrow  slice  and  weed 
seeds  in  the  soil.  Burning  the  stubble  and  not  making  manure  by 
ceeping  live  stock  is,  however,  undoubtedly  harmful  to  the  soil. 

But,  taking  into  consideration  all  things,  early  autumn  plowing 
s  the  most  important  point  in  the  preparation  of  stubble  land  for 
ivheat.  By  early  plowing  many  weeds  will  be  covered  before  the 
>eeds  have  ripened,  the  stubble  will  have  some  time  in  which 
to  become  softened  and  rotted,  and  the  soil  will  be  compacted 
Jirough  the  influence  of  the  fall  rains,  and  will  have  its  capillary 
ronnections  made  more  intimate  with  the  subsoil. 

In  the  spring  care  should  be  taken  in  preparing  the  seed  bed 
:o  thoroughly  pulverize  the  upper  two  or  three  inches  of  soil. 
^Vhere  the  winds  are  not  likely  to  cause  the  soil  to  drift,  it  is 
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wise  to  make  the  surface  fine  and  smooth.  Where  drifting  occurs 
it  is  necessary  to  leave  the  seed  bed  coarser,  and  especially  to 
avoid  using  the  roller,  or  the  plank  or  "floater". 

KIND  OF   SEED  TO   SOW   AND  AMOUNT. 

Our  extensive  studies  of  wheat  raising  has  emphasized  the 
importance  of  Blue  Stem  and  Red  Fife  wheat.  Our  farmers  are 
occasionally  urged  by  grain  men  and  others  to  market  the  stock 
of  Blue  Stem  or  Fife  wheat  they  have  on  hand  and  get  fresh 
seed  from  "the  prairie"  or  from  "timber  land,"  or  from  "clay 
soil,"  or  in  a  word  from  conditions  in  some  way  radically  dif- 
fering from  those  on  their  own  farm.  This  is  not  good  policy, 
because,  so  far  as  known,  it  has  not  been  generally  proved.  We 
feel  certain  that  too  much  importance-  has  heretofore  been  at- 
tached to  changing  seed  wheat.  Prof.  C.  A.  Zavits,  of  the  On- 
tario Agricultural  College,  has  recently  published  experiments 
which  demonstrate  that  wheat  is  improved  if  kept  long  on  the 
same  farm  and  the  seed  is  yearly  subjected  to  careful  bulk  selec- 
tion. The  point  of  far  greater  importance  is  to  get  a  wheat  of 
known  good  quality  and  with  a  record  for  successive  large 
yields  per  acre  in  the  same  general  vicinity.  Changing  seed  merely 
to  make  a  change  has  dangers  as  well  as  advantages.  The 
danger  of  getting  wheat  which  will  not  yield  well  under  condi- 
tions new  to  it  gives  need  of  the  greatest  precaution,  and  next 
in  importance  is  the  care  to  avoid  bringing  new  weeds  upon  the 
farm.  A  third  source  of  danger  is  in  the  introduction  of  stinking 
smut.  A  very  good  general  rule  when  a  change  of  seed  is  deemed 
necessary  is  to  procure  the  seed  of  some  reliable  and  neat  farmer 
within  the  neighborhood,  or  within  a  day's  drive.  By  careful 
inquiry  as  to  the  presence  of  wild  oats,  mustard,  Russian  thistles, 
and  other  noxious  weeds,  also  smuts,  and  by  carefully  inspect- 
ing the  wheat  in  the  bin,  or  by  sample,  the  purchaser  can  avoid 
introducing  these  weeds  and  smut  upon  his  farm.  The  state- 
ments of  a  trustworthy  farmer  regarding  the  yields  and  grades 
he  has  secured  for  a  series  of  years  should  have  much  to  do  in 
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determining  whether  his  seed  wheat  is  the  variety  wanted,  j 
few  to  several  bushels  of  a  superior  variety  of  wheat  purchase 
of  the  experiment  station,  of  a  seed  dealer,  or  of  some  carcft 
farmer,  will  quickly  multiply  into  all  the  seed  needed  for  the  er 
tire  farm.  The  amount  of  seed  to  sow  varies  between  one  bush( 
and  one  and  one-half  bushels  for  sowing  early  in  the  spring.  I 
a  season  which  opens  up  early,  with  ample  moisture  in  the  soi 
in  a  cool  spring,  with  a  rich,  well  compacted  furrow  slice,  on 
bushel  of  perfectly  sound  seed  planted  in  a  fine  seed  bed  wit 
a  shoe  or  hoe  drill  will  furnish  a  sufficient  number  of  plants  t 
stool  out  and  make  the  necessary  thick  stand  of  wheat.  Wha 
the  conditions  are  less  favorable  for  "stooling  out,"  a  larger  nun 
ber  of  seeds  is  required.  If  the  soil  be  loose,  open  and  drought] 
if  the  season  opens  up  late,  if  the  planting  is  delayed  so  that  th 
cool,  moist  stooling  period  is  mostly  passed  before  the  wheat  wi 
be  far  enough  developed  to  branch  out,  or  if  other  conditions  ai 
present  to  prevent  the  wheat  thickening  up, — more  seed  shoul 
be  planted.  One  and  one- fourth  bushels  per  acre  is  usually  th 
best  amount  to  sow  where  the  drill  is  used.  Where  the  wheat  i 
sown  broadcast  about  a  peck  more  of  seed  is  required. 


DEPTH    AND    METHOD  OF   PLANTING. 

The  Depth  to  Sow  Wheat  varies  between  one  inch  and  thre 
and  one-half  inches.  Where  the  soil  is  firm  underneath  and  me 
low  on  the  surface,  two  inches  is  about  the  proper  depth  to  ru 
the  drill  shoes  or  hoes.  Where  the  ground  is  compact  an 
moist,  and  the  seed  is  planted  in  the  first  part  of  an  early  sprinj 
quite  as  good  results  will  doubtless  come  from  planting  only  a 
inch  deep.  The  wheat  plant  does  well  to  start  near  the  surfac 
of  the  soil  and  to  spread  its  roots  in  the  upper  portion  of  coo 
moist  earth.  On  the  other  hand,  the  young  plants  can  come  ti 
through  three  inches  or  more  of  very  loose  earth,  and  as  the  sc2 
son  advances,  where  the  soil  is  more  open  and  droughty,  there  i 
need  for  planting  to  a  greater  depth,  that  the  seeds  may  be  abl 
to  get  moisture  to  start  germination,  and  that  the  roots  may  J 
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mce  enter  into  moist  soil  where  they  can  secure  plant  food  as 
»on  as  the  leaves  have  expanded  sufficiently  to  use  it. 

The  seeds  should  be  planted  as  evenly  in  depth  as  is  practicable, 
especially  if  in  a  droughty  soil,  so  as  to  insure  that  all  germinate 
ogether  promptly.  The  chains  following  the  shoes  of  the  shoe 
irill  help  to  cover  the  grain.  The  common  Scotch  harrow  is  a 
2;reat  aid  in  smoothing  down  after  cultivating  in  broadcasted 
^in,  and  after  the  hoe  drill,  and  in  most  cases  it  should  follow 
iven  the  shoe  drill.  The  exceptions  are  in  cases  where  further 
[)ulverizing  with  the  harrow  would  result  in  the  soil  drifting 
worse  before  the  wind.  The  press  wheel  following  the  shoe  of 
the  shoe  drill,  as  the  wheel  of  the  modem  two-horse  com  planter 
follows  the  shoe  of  that  machine,  is  useful  under  some  conditions. 
Press  wheels  cause  heavier  draft  on  the  team,  make  the  drill 
somewhat  more  complicated  and  therefore  difficult  to  handle,  and 
bave  no  advantage  on  heavy  moist  soils  where  wheat  is  planted 
sarly  in  the  spring  on  well  prepared  land,  and  are  not  well  adapted 
to  planting  wheat  on  com  stubble  ground.  They  have,  however, 
I  wide  field  of  usefulness.  Where  the  conditions  are  such  that 
the  seeds  and  young  plants  are  subjected  to  a  lack  of  moisture 
in  the  early  spring,  the  press  wheel  adds  to  the  yield  of  grain. 
Where  the  grain  is  placed  on  light  soils,  especially  if  planted  late, 
the  press  wheel  compacts  the  soil  about  the  seeds,  just  as  in 
planting  com  with  the  hoe  we  tread  on  every  hill,  or  just  as  we 
tread  the  loose  earth  about  the  roots  of  a  newly  planted  tree. 
Farmers  in  western  counties,  and  those  who  have  light  open 
soils,  find  press  shoe  drills  very  useful,  as  do  the  farmers  west 
3f  the  eastern  tiers  of  counties  in  the  Dakotas,  where  the  rainfall 
is  often  scant  in  the  springtime. 

It  often  pays  to  thoroughly  harrow  the  ground  two  or  more 
times  immediately  after  the  grain  is  sown,  so  as  to  make  the  seed 
bed  more  compact  below  and  fine  and  mellow  at  the  surface. 
Experiments  we  have  conducted  prove  that  harrowing  the  grain 
after  it  has  come  up  is  dangerous,  and  has  caused  injury  in  a 
number  of  cases.  It  lessened  the  yield  in  proportion  to  the 
amount  and  lateness  of  the  harrowing.    The  benefit  coming  from 
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the  destruction  of  weeds  among  the  young  wheat  was  more  tha 
counter-balanced  by  the  injury  the  harrow  teeth  did  the  whe 
plants.  More  experiments  are  needed  to  determine  the  amoui 
of  harrowing  best  to  do  after  wheat  is  planted,  and  the  lengl 
of  time  it  may  be  continued.  But  at  present  we  are  inclined  1 
advise  care  in  using  even  light  harrows  to  kill  weeds  amor 
wheat,  oats,  or  barley  when  it  is  a  few  inches  high.  The  prepan 
tion  of  the  soil  should  be  so  thorough  that  only  a  small  amount  < 
harrowing  shall  be  needed  after  the  crop  is  planted. 

Little  can  be  done  for  good  crops  of  wheat  during  its  growtl 
except  to  pull  out  by  hand  mustard,  lamb's  quarters,  thistles,  an 
other  large  growing  weeds  which  would  mature  their  seeds  Ix 
fore  harvest  or  would  interfere  with  harvesting  and  handling  tl 
grain.  Very  poor,  weedy  crops  of  wheat  had  often  better  I 
plowed  under  before  harvest  time.  Expense  for  harvesting  i 
thus  avoided,  and  the  land  is  fallow-plowed  for  the  succeedin 
crop.  Where  pasturage  is  needed  the  crop  can  be  pastured  dui 
ing  the  time  the  plowing  down  is  in  progress.  Or  the  crop  ca 
be  mowed  for  hay  when  in  the  flowering  stage,  or  a  little  latei 
This  gives  opportunity  to  plow  the  field  before  harvest,  and  thu 
prevent  most  of  the  weeds  from  ripening  their  seeds. 


m 


HARVESTING  AND  STORING  WHEAT. 

A  discussion  of  the  general  practice  of  harvesting  the  crop,  stoi 
ing  the  bundles  and  threshing,  storing  and  marketing  the  graii 
must  be  kept  for  future  bulletins.  A  few  matters,  however,  in  con 
nection  with  varieties  and  with  the  quality  of  grain  for  market  am 
for  seed  cannot  well  be  passed  by. 

1.  Wheat  makes  the  best  flour  if  allowed  to  become  matur 
before  it  is  cut. 

2.  The  loss  of  quantity  from  shelling  is  great  if  the  wheat  i 
allowed  to  become  over-ripe  before  reaping. 

3.  Blue  Stem  wheat,  owing  to  its  open  chaff,  shells  worse  thai 
most  other  varieties  of  wheat,  and  therefore  it  is  more  importan 
that  it  be  harvested  as  soon  as  ripe,  and  there  is  more  excuse 
where  this  variety  is  grown,  for  beginning  the  harvest  early. 
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4.  Wheat  should  be  well  shocked  in  round  shocks,  twelve  to 
eighteen  bundles  in  a  shock,  set  compactly  and  covered  with  two 
good  cap  bundles,  which  should  be  replaced  as  often  as  blown  off. 

5.  Wheat  should  be  stacked  or  threshed  as  soon  as  practicable 
after  the  shocks  have  become  sufficiently  dry.  Stacking  is  rap- 
idly replacing  shock  threshing,  and  this  change  should  continue. 
Better  quality  in  the  wheat,  and  a  greater  acreage  of  early  fall 
plowing,  will  amply  repay  for  the  additional  expense,  and  the 
threshing  can  be  more  economically  done.    , 

6.  Blue  Stem  wheat  is  more  easily  injured  while  it  is  in  the 
shock  than  other  varieties,  because  its  chaff  does  not  fold  snugly 
about  the  berry,  pennitting  rains,  dews,  sun,  and  wind  alter- 
nately to  affect  it,  making  the  bran  more  brittle  and  lighter  in 
color.  Therefore  it  is  especially  important  that  this  variety  be 
well  shocked  and  that  the  shocks  .be  capped,  even  in  our  windiest, 
dryest  counties ;  and  that  it  should  be  stacked.  Where  its  bran 
and  color  are  perfectly  preserved  Blue  Stem  grades  as  high  as 
Fife  wheat. 

7.  Great  care  should  be  used  in  stacking  and  storing  grain 
which  is  to  be  used  for  seed,  that  injury  to  the  germinating  qual- 
ities, by  moisture  or  by  heating  in  the  stack  or  bin,  may  be  en- 
tirely avoided. 

8.  Thoroughly  cleaning  the  wheat  which  is  to  be  used  for  seed  is 
of  the  utmost  importance.  Small  and  shriveled  kernels  of  wheat 
as  well  as  all  kinds  of  weed  seeds  should  be  removed.  In  fanning 
the  wheat  a  strong  wind  blast  should  be  used  as  the  heavy,  hard 
kernels  are  tlie  ones  desired  for  seed.  Where  one  has  only  a  small 
quantity'  of  very  choice  wheat  for  propagation,  hand  picking  will 
often  be  advisable  to  remove  barley,  rye,  oats  or  other  grains 
which  cannot  be  removed  by  machinery  and  which  will  detract 
from  the  value  of  the  wheat  when  ready  for  sale  for  seed. 

9.  Seed  wheat,  as  well  as  seed  corn,  should  be  tested,  as  in 
earth  in  the  house,  in  a  place  not  too  warm,  that  its  germi- 
nating ability  may  be  determined.  Where  wheat  shows  below 
ninety-five  per  cent,  germination   it   should  be  most  thoroughly 
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cleaned  and  more  than  the  ordinary  amount  of  seed  used  p( 
acre,  or  if  very  poor  it  should  be  discarded. 

10.  Wheat  for  seed  should  be  sold  and  bought  on  the  stricte 
honor  for  trueness  to  name  and  variety,  for  freedom  from  we€ 
seeds  and  smut,  and  upon  personal  inspection  tin  the  field  or  bii 
or  at  least  by  sample. 

11.  The  farmer  who  desires  a  reputation  for  growing  goo 
seeds  which  will  prove  useful  to  his  neighbors  must  have  goc 
land.  By  means  of  live  stock  and  the  crops  they  use  he  mui 
keep  the  land  free  of  foul  weeds,  and  he  mu^t  be  a  good  seedi 
man,  always  selling  seeds  of  good  quality,  and  thorough! 
cleaned  and  graded. 

I 
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Dakota  Experiment  Station,  Prof.  E.  C.  Chillcott,  of  the  Sout 
Dakota  Experiment  Station,  and  Prof.  James  Atkinson,  of  tl 
Iowa  Experiment  Station ;  also  Superintendents  T.  A.  Hoversta 
and  H.  H.  Chapman,  of  our  substations,  for  their  assistance  i 
testing  numerous  varieties  of  wheat  at  their  respective  station 

The  forbearance  of  the  governing  board  and  of  the  public  i 
awaiting  results  from  this  line  of  experiments  is  here  acknow 
edged,  and  the  belief  is  expressed  that  in  the  future  the  benefit 
will  accrue  more  rapidly  both  in  superior  varieties  and  in  a  bett< 
knowledge  of  wheat  improvement. 
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SUMMARY   OF    CONCLUSIONS. 


1.  Satisfactory  methods  of  field,  millingrf  and  balcingr  tests 

of  varieties  of  wheat  have  been  devised. 

2.  Among:  several  hundred  varieties  of  wheat  tried  by  the 

experiment  station.  Blue  Stem  and  Red  Fife  are  best 
for  Minnesota. 

3.  Wheat  breedingr  is  outlined,  with  record  blanks  and 

methods  of  hybridizingr  illustrated,  and  the  plan  of 
disseminatingr  new  varieties  is  griven. 

4.  Wheat  flowers  open  very  early  in  the  morningr»  and  are 

grenerally  self-pollenated. 

5.  ImmeiMie  value  is  wrapped  up  in  that  kernel  of  wheat 

which  when  multiplied  into  a  variety  adds  a  bushel 
per  acre. 

6.  Kernels  from  which  are  produced  largre  yieldingr  plants, 

good  nursery  plots,  and  superior  fleld  plots,  become 
mothers  of  improved  commercial  varieties. 

7.  Wheat  plants,  especiaUy  hybrids,  vary  greatly  in  yield, 

in  grade  or  quality,  in  rust  resistance,  and  in  other 
characteristics. 
S.  By  systematic  selection  of  bulk  or  hybridized  wheats, 
improved  varieties  are  originated  at  slight  cost  as 
compared  with  their  value. 
9.  Three  out  of  thirty  varieties  first  originated  by  selection 
are  being  disseminated,  and  several  new  hybrids  are 
very  promising. 

to.  The  relation  between  breeding  plants  and  breeding 
animals  is  pointed  out,  and  usefU  deductions  are 
drawn. 

11.  Many  unsolved  problems  are  suggested,  and  the  im- 
portance of  further  study  in  breed  and  variety 
formation  is  emphasized. 

L2.  Wheat  farming  has  paid,  but  not  so  well  as  general 
farming  where  most  of  the  crops  are  fed  to  live  stock. 
Wheat  should  be  grown  on  only  a  small  part  of  the 
land,  where  yields  will  be  large. 

L3.  Field  and  farm  management  can  be  reduced  to  a  sys- 
tem under  which  profits  can  be  made  and  the  farm 
become  more  fertile. 


i 


.  •  - 
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Fig>.  289.^HarT6StinK  Wheat  on  a  Bonansa  Farm. 
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lISCfiLLASEOUS  CHEIICAL  ANALYSES. 


HARRY    SNYDER. 


The  first  part  of  this  bulletin  contains  the  results  of  analyse* 
of  various  agricultural  products  and  other  materials  sent  by 
farmers  of  this  state  to  the  Agricultural  Experiment  Station  for 
chemical  analysis.  The  act  of  congress  creating  experiment  sta- 
tions has  limited  the  work  of  the  stations  to  strictly  agricultural 
lines;  hence  free  analyses  cannot  be  made  of  minerals,  ores,  or 
mineral  waters,  or  work  undertaken  for  individuals  or  corpora- 
tions that  is  of  merely  a  personal  nature.  Free  analyses  are, 
however,  made  for  the  farmers  of  the  state  of  all  agriculture' 
products  or  materials,  when  the  work  is  of  such  a  nature  that 
the  results  are  of  general  public  value.  Questions  relating  to 
the  sanitary  condition  of  water  should  be  directed  to  the  State 
Board  of  Health;  those  relating  to  minerals  to  the  University, 
School  of  Mines;  and  those  relating  to  the  adulteration  of  food 
and  dairy  products  to  the  State  Dairy  and  Food  Commission. 


OIL  MiEAL. 


Occasionally  complaints  are  received  from  farmers  that  the 
oil  meal  which  they  purchase  is  of  poor  quality,  and  that  it  fails 
to  promote  the  growth  of  young  stock  or  stimulate  the  flow  of 
milk,  as  high  class  oil  meal  should  do.  In  a  few  cases  samples 
of  the  oil  meal  have  been  sent  for  chemical  analysis.  In  all, 
twenty  samples  have  been  received,  and  of  this  number  three 
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OIL  MEAL. 


have  been  found  to  be  adulterated,  and  a  number  of  others  have 
been  found  to  be  deficient  in  the  most  important  nutrient,  pro- 
tein. The  adulteration  consists  in  mixing  flax  screenings  with 
the  fine  ground  oil  meal.  The  mixture  is  ground  so  fine  that  the 
screenings  are  not  easily  detected.  The  composition,  digestibil- 
ity, and  feeding  value  of  pure  oil  meal  are  given  in  a  former  bul- 
letin (No.  47)  of  this  Station. 

No.  2613.  Oil  meal  sent  by  E.  Cooley,  Minneapolis,  Minn. 
This  sample  caused  stock  to  be  very  thirsty,  and  gave  poor  milk 
returns.  When  mixed  with  warm  water  there  was  a  distinct 
odor  of  mustard. 

No.  2747.  Oil  meal  received  from  P.  P.  Eddy,  Willmar, 
Minn.  This  meal  gave  poor  results  when  fed  to  dairy  calves. 
Purchased  direct  from  linseed  oil  mill. 

No.  3075.  Oil  meal  brought  to  the  laboratory  by  Mr.  Sco- 
field,  Bloomington,  Minn. 

No.  2758.  Oil  cake  direct  from  the  press  of  an  oil  mill. 
The  material  was  ground  in  the  laboratory.  Sample  known  to 
be  pure. 


TABLE  liXVII.— Composition  of  Oil  Meal  Samples. 


No.  2618. 
Per  Cent 

No.  2747. 
Per  Cent. 

No.  .<<076. 
Per  Cent. 

No.  2758. 
Per  Cent. 

Water. 

9  22 

6.21 

8.13 

25.95 

8.47 

5.75 

8.32 

26.93 

9.79 

A«h 

4.77 

8.84 

30.12 

5.73 

Fat 

7.17 

Protein 

Fiber 

32.80 
8.40 

Nitrogen  Free  Extract... 

36.11 

Samples  Nos.  2613  and  2747  are  adulterated  to  the  extent  of 
at  least  25  per  cent,  with  flax  screenings.  The  oil  meal  and 
^screenings  are  ground  very  fine,  but  the  foul  weed  seeds  can  be 
detected  by  a  microscopic  examination.  The  strong  mustard 
odor  in  2613  and  its  perceptible  odor  in  2747  is  caused  by  the 
mustard  seeds  of  the  screenings.  Sample  No.  3075,  when  exam- 
ined microscopically,  showed  the  presence  of  wheat  starch  grains. 
This  sample  contains  wheat  shorts.' 
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In  purchasing  oil  meal,  preference  should  be  given  to  the 
coarser  grades,  rather  than  to  those  that  are  ground  so  fine  as 
to  conceal  the  screenings.  Flax  screenings  can  be  more  readily 
detected  in  the  coarser  grades.  The  odor  of  the  sample  when 
mixed  with  boiling  water  should  be  noted,  and  any  distinct  mus- 
tard odor  may  be  taken  as  an  indication  of  poor  quality.  A 
pound  of  crushed  oil  cake  should  absorb  at  least  a  quart  of  warm 
water,  adding  the  water  a  little  at  a  time  and  stirring  well.  The 
larger  the  amount  of  water  absorbed,  as  a  rule,  the  greater  the 
per  cent,  of  protein  (or  muscle-producing  and  milk-stimulating 
nutrient)  and  the  more  valuable  the  oil  meal. 


I^a. 


AMERICAN  AND  FOREIGN  FLAXSEED. 

Some  European  buyers  believed  that  Russian  flax  was  richer 
in  oil  than  American,  and  preferred  the  foreign  seed  on  that 
account.  For  purposes  of  analysis,  the  Minnesota  State  Railroad 
&  Warehouse  Commission  collected  samples  from  the  European 
markets.  The  amount  of  oil  in  the  various  seeds  is  given  in  the 
following  table : 


I' 


TABIiE  LXVm.-Oil  in  Flaxseed. 


Odessa.  Russia, 

Bombay 

Calcutta 

Minnesota  

American 


on 

Per  Cent. 


86.31 
39.08 
37.88 
37.61 
37.60 


There  is  practically  no  difference  in  the  oil  content  of  the 
i'Vmerican,  Calcutta,  and  Minnesota  samples;  duplicate  samples 
from  the  same  car  often  show  as  great  a  variation  as  the  results 
given  here.'    The  Russian  flax  contained  the  least  oil. 


^'  . 
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WATER  FOR  RETTING  FLAX. 
WATER  FOR  RETTING  FLAX. 


The  quality  of  linen  produced  from  flax  fiber  is  influenced 
to  a  great  extent  by  the  quality  of  the  water  used  for  retting 
the  flax.  The  fiber  retted  in  the  river  Lye,  Belgium,  is  believed 
to  be  of  such  high  commercial  value  because  of  the  unique  char- 
acter of  the  river  water.  In  order  to  secure  the  best  results  with 
the  Cannon  river,  Minn.,  water,  a  chemical  analysis  was  made, 
with  the  view  of  adding  to  the  Cannon  river  water  any  materials 
that  may  be  present  in  and  characteristic  of  the  Lye  river  water. 

No.  1824,  water  from  the  Cannon  river,  Minn.,  used  for 
retting  flax. 

No.  1825,  water  from  the  Lye  river,  Belgium,  used  for  ret- 
ting flax  which  produces  the  highest  grade  of  linen. 

It  is  to  be  observed  that  the  Cannon  river  water  diflFers  from 
that  of  the  river  Lye  in  containing  less  of  the  alkaline  chlorides 
and  carbonates,  a  difference  that  can  be  largely  corrected  by  add- 
ing these  materials  to  the  water  in  the  retting  tanks. 


TABLE  liXIX.— Ooxnposition  of  Water  for  Batting  Flax. 


Total  solids 

Caldtini  oxide 

Magnesium  oxide 

Iron  oxide,  aluminia  and  phosphric  antaydrid, 

Sodium  oxide 

Potassium  oxide. 

Chlorine 

Carbon  dioxide , 

Silica 

Orsranic  matter  and  undetermined 


Cannon. 

River. 

Grams  per 

litre. 


.242 

.0504 

.0044 

.0050 

.0114 

.0102 

.0036 

.092 

.0037 

.0614 


Lye  River. 

Grams 
per  litre. 


.3512 
.0969 
.0092 
.0O62 
.0293 
.0127 
.0412 
.0869 
.0070 
.0628 


ANIMAL  FOODS. 

The  composition  of  bran,  shorts,  corn  meal,  and  other  mill 
products,  when  pure,  has  been  so  well  established  by  the  many  an- 
alyses made  at  the  different  experiment  stations  that  there  is  no 
apparent  need  of  farther  chemical  analysis  of  individual  samples 
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for  the  purpose  of  determining  their  feeding  value,  except  when 
the  materials  are  prepared  in  some  unusual  way.  Wheat  bran 
is  less  liable  to  be  adulterated  than  wheat  shorts,  because  any 
foreign  matter  can  be  readily  detected  in  the  coarse  bran.  In  the 
case  of  shorts,  however,  there  is  a  tendency  to  mix  with  the  shorts 
the  fine  ground  wheat  screenings  and  weed  seeds ;  the  foreign  ma- 
terial is  not  easily  detected  because  the  mixed  shorts  and  screen- 
ings are  ground  so  fine.  A  few  new  foods,  mainly  stock  foods 
made  by  mixing  various  materials,  have  been  analyzed,  and  in 
most  cases  the  prices  charged  for  the  mixtures  were  found  to  be 
greatly  in  excess  of  the  market  value  of  the  ingredients  used. 

No.  3000.  Oat  bran  from  oat  meal  mill,  sent  by  John  Math- 
eson,  president  of  the  State  Dair}Tnen's  Association. 

No.  1822.    Oat  feed,  from  John  Shields,  Darwin,  Minn. 

No.  3076.  International  stock  food,  sent  by  F.  W.  Schrapel, 
Ottawa,  Minn.  "The  package  contains  one  cent's  worth  of  ma- 
terial."    The  package  weighed  26  1-2  grams, — nearly  an  ounce. 

No.  2160.  Wheat  screenings,  received  from  W.  C.  Currie, 
Euclid,  Minn. 


I 


r 


TABLE  liXX. 


Water 

Ash 

Bther  extract  (fat)... 

Protein 

Nitrogen  free  extract 
Fiber 


No.  3000. 
Oat  Bran. 
I'cr  Cent. 


5.05 
6.45 
1.53 
3.75 
41.11 
41  21 


No.  1822. 
Oat  Feed. 
Per  Cent. 


12.29 
2.93 
4.62 

16.26 


No.  2160. 

Wheat 
Screenings. 
Per  Cent. 


12.47 

2.13 

2.\3 

12s28 

63.53 

7.46 


No.  3076. 
International 
Stock  Food. 

Per  Cent. 


5.43 
13.11 

5.11 
14.18 


The  oat  bran  contains  a  very  low  per  cent,  of  protein,  about 
the  same  as  present  in  straw.  Oat  feed,  however,  contains  a 
high  per  cent,  of  protein,  and  is  a  more  valuable  food.  Occa- 
sionally oat  bran  is  sold  as  oat  feed.  There  is,  however,  a  great 
difference  in  the  feeding  value  of  the  two.  The  wheat  screen- 
ings contain  a  fair  amount  of  protein,  but  are  so  variable  in  com- 
position that  what  is  true  of  one  sample  would  not  necessarily 
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ANIMAL  FOODS. 


be  true  of  another.  The  International  stock  food  has  atx)ut  th< 
same  amount  of  protein  and  fat  as  oats.  The  high  per  cent,  o: 
ash  is  due  to  .salt  and  other  minerals. 

No.  1864.  Cattle- feed  mixture,  from  E.  D.  Childs,  Crooks 
ton,  Minn. 

No.  3060.  Speltz  wheat,  used  for  feeding  animals,  fron 
Prof.  Haeck'er,  Dairy  Division. 

No.  1268.     Corncobs,  from  corn  raised  on  University  farm 

No.  2854.  Wild  rice,  from  F.  G.  Bradbury,  St.  Paul.  Occa 
sionally  used  as  hunjan  food. 

No.  1264.     Yellow  corn,  grown  on  University  farm. 

No.  1265.     White  com,  grown  on  University  farm. 


TABIiE  liXXI. 


I 


No.  1864. 
Mixture 
Percent. 

No.  3060. 
8pelt« 
Wheat. 

Percent. 

No.  1268. 
Com 
Cobs. 

Percent. 

No.  2864. 

Wild 

Rice. 
Percent. 

No.  1264. 

Yellow 

Com. 

Percent. 

No.  1266 
White 
Com. 

Per  Cent 

Water 

12.«9 
4.34 
6.72 

16.20 

10.02 
3.26 
2.25 

11.26 
9.22 

10.76 

1.20 

.44 

1.43 

32.16 

64.03 

9.29 

1.42 

.73 

12.60 

4.89 

71.17 

12.06 
1.51 
3.92 

10.12 
2.21 

70.18 

11.91 

ABh 

1.47 

Pat 

3  81 

Protein 

10.14 

Piber 

3.28 

Nitrogen  free  ex- 
tract  

71.49 

The  Speltz  wheat  has  about  the  same  protein  content  a 
ordinary  oats.  The  hulls  are  the  cause  of  the  larger  per  cent 
of  fiber  and  ash  than  is  found  in  ordinary  wheat.  The  smal 
amount  of  protein  and  digestible  carbohydrates  in  corncobs  sug 
gests  a  low  food  value.  Their  main  worth  is  probably  due  t 
the  indigestible  fiber  diluting  the  feces,  which  from  grains  are  ap 
to  be  small  in  amount  and  concentrated  in  composition.  The  wil< 
rice  sample  contains  as  much  protein  as  our  ordinary  grains.  Ii 
some  parts  of  the  state  wild  rice  grows  abundantly  in  swamps 
and  when  it  can  be  easily  obtained  it  furnishes  a  cheap  and  val 
uable  food.     These  statements  do  not  apply  to  ordinary  rice. 

It  is  to  be  observed  that,  when  grown  under  similar  condi 
tions,  there  is  no  material  difference  in  protein  or  fat  conten 
between  yellow  and  white  corn.     The  main  difference,  chemic 
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ally,  between  yellow  and  white  com  is  in  the  coloring  matter  that 
is  present  in  one  and  not  in  the  other.  There  is  no  reason  why 
any  discrimination  should  be  made  against  white  corn  on  the 
ground  that  it  contains  less  nutrients  than  yellow  corn.  The 
seed  and  conditions  under  which  the  corn  has  been  produced,  as 
soil,  cultivation,  and  the  use  of  manures,  determine  its  character 
more  than  does  its  color. 


RAPE. 

The  extensive  use  of  rape  as  a  forag^  crop  for  sheep  has 
caused  many  inquiries  to  be  made  regarding  its  <:omposition. 
The  following  analyses  are  calculated  on  the  basis  of  the  dry 
matter.  When  green  the  plant  contains  from  70  to  92  per  cent, 
water,  according  to  the  stage  of  growth : 

TABIiB  LXXn.— Oomposition  of  Bape. 


Water. 
Per  Cent. 

Composition  of  Dry  Matter. 
Per  Cent. 

Ash. 

Protein. 

Fiber. 

Rape,  entire  plant,  near- 
ly mature 

84.61 
88.16 
92.48 
86.46 

96.11 
76  44 

7.60 
7.60 
9.24 
9.68 

16.48 
8.01 

11.76 
17.04 
12.44 
12.14 

14.76 
9  21 

16.29 

Rape,  leaver 

11.06 

Raoe.  half  arro'wn 

Rape,  nearly  mature 

Rape,    first     stages     of 
growth 

10  38 

Rape,  mature 

12.03 

The  dry  matter  of  the  rape  plant  contains  as  much  protein  as 
clover  hay.  No  figures  are  given  for  fat,  because  of  the  diffi- 
culty in  separating  this  material.  The  ether  extract  is  unusu- 
ally high,  ranging  from  3  to  5  per  cent.,  a  large  proportion  of 
which  is  non-fatty  material.  The  high  protein  content  of  rape 
makes  it  a  valuable  forage  crop, — a  fact  that  has  been  verified 
by  practical  experience. 

MISCELLANEOUS  FODDERS. 

Under  the  head  of  "Miscellaneous  Fodders"  are  given  a 
few  of  the  forage  crops  about  which  the  most  inquiry  has  been 
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made.  In  Bulletin  No.  36  of  this  Station  the  composition  an 
feeding  value  of  our  common  grains  and  fodders  are  given.  T 
this  the  reader  is  referred  for  the  composition  of  foods  not  foun 
in  the  following  list: 

Nos.  3072,  3073.  Corn  fodder,  grown  at  the  Grand  Rapid 
Minn.,  sub-station. 

No.  193 1.     Oat  hay,  as  cut  and  cured  for  winter  feeding. 

No.*  983.  Pea  hay,  cut  when  small  pods  were  beginning  1 
form. 

No.  2425.  Dwarf  German  kale,  cut  when  green,  grown  t 
Division  of  Animal  Husbandry. 

No.  2433.    Sand  vetch,  grown  on  University  farm. 

No.  2421.  Cured  sorghum,  grown  on  University  farm,  ci 
and  cured  as  hay. 

No.  2422.  Peas  and  oats.  Cut  green,  and  used  as  soilin 
crop. 

Bromus  Inerniis  samples  (Austrian  brome  grass)  Nos.  191' 
1917,  1918,  1919,  1920,  1932,  grown  on  University  farm  in  189 
Nos.  2406  and  2406a,  crop  of  1896,  were  less  mature  than  the  i8c 
samples. 

TABIiE  liXXIU.— Oomposition  of  Green  Fodders. 


Water. 
Percent. 

Composition  of  Dry  Matter. 
Per  Cent. 

Ash. 
Percent. 

Ether 
Extract. 

Protein. 
Percent. 

Fiber. 
Per  C  en 

No    3072       Com  fodde^r 

63.32 

41.48 

20.37 

9.75 

91.80 
7.60 
64  80 
72  41 
58.49 
49.36 
68.81 
49.26 
33.06 
44.58 
68.30 
64.40 

4.82 

6.96 

8.01 

12.72 

11.80 

10.60 

6.60 

9.12 

2.24 
2.23 
3.46 
2.63 

7.18 

7.66 

9.66 

14-58 

22.68 
18.66 
9.02 
12.84 
6.64 
6.61 
6.32 
6.43 
6.03 
6  00 
8.64 
8.32 

No    3073      Com  fodder 

No.  1931.     Oat  hay 

31.28 

No      983.     Peahaj 

27.46 

No.  2425.     Dwarf  German 
Kale 

16.20 

No.  2433.    Sand  Veitch 

No.  24>21.     Cured  Sorg^hum 
No.  2  4-22.     Peas  and  Oats.. 
No,  1916.     Bromus  I nermis 

3.81 
3.61 
2.94 

29.30 
42.87 
29.16 
28.35 

No.  1917.     Bromus  Incrmis 

6.98 
6.03 
5.22 
6.56 
7.84 
9.50 
9.26 

31.13 

No.  1918.     Bromus  Inermis 

34.40 

No   1919      Bromus  Inermis 

32.81 

No.  1920.     Bromus  Inermis 
No.  1932.     Bromus  Inermis 

29.63 
31.06 

No.  2406a.  Bromus  Inermis 

The  corn   fodder  samples  Nos.  3072,  3073,  grown  in  th 
northeastern  part  of  the  state,  contain  a  normal  amount  of  protei 


Digitized  by  VjOOQIC 


MISCELLANEOUS  FODDERS. 


503 


and  other  nutrients.  These  samples  were  analyzed  to  determine 
whether  com  fodder  grown  so  far  north  contained  the  full 
amount  of  nutrients.  The  analyses  indicate  that,  so  far  as  nutri- 
ents are  concerned,  these  samples  compare  very  favorably  with 
com  fodder  grown  in  other  parts  of  the  state.  There  has  been 
some  hesitancy  on  the  part  of  farmers  in  the  northern  part  of 
the  state  to  grow  corn  fodder,  because  of  the  possibility  of  the 
com  not  being  fully  matured  before  early  frosts.  For  fodder 
purposes,  the  com  before  it  reaches  maturity  has  passed  that 
stage  in  its  development  when  it  contains  its  normal  protein  con- 
tent. Although  the  protein  may  not  be  deposited  in  the  form 
of  mature  kernels  of  com,  it  is  nevertheless  present  in  the  crop, 
and  is  in  a  valuable  form  for  feeding  purposes.  There  is  no 
reason,  as  far  as  feeding  value  is  concerned,  why  com  fodder 
should  not  be  grown  in  all  parts  of  the  state. 

The  oat  hay  sample  No.  193 1  is  characteristically  rich  in 
protein.  Oats  cut  when  fully  headed  out  and  cured  as  hay  form 
a  fodder  that  contains  more  protein  than  average  timothy  or 
prairie  hay.  In  regions  where  clover  is  grown  with  difficulty, 
oat  hay  should  be  used  as  one  of  the  main  forage  crops. 

The  high  value  of  peas  and  oats  as  a  forage  crop  is  so  well 
known  that  it  is  scarcely  necessary  to  mention  the  fact.  The 
analysis  shows  12.84  per  cent,  of  protein  in  the  dry  material,  a 
much  larger  amount  than  is  present  in  ordinary  hay,  and  very 
nearly  as  much  as  in  clover  hay.  From  a  chemical  point  of  view, 
there  are  but  few  crops  that  have  such  a  high  forage  value  as 
peas  and  oats. 

The  bromus  inermis  samples  analyzed  in  1895  show  a  lower 
protein  content  than  the  1896  samples.  In  1896  the  samples  were 
taken  at  an  earlier  stage  of  growth,  while  those  of  1895  were  taken 
when  the  crop  was  nearly  matured.  If  cut  or  fed  before  the  crop 
becomes  too  mature,  a  valuable  forage  is  secured.  When  over- 
ripe the  protein  content  of  bromus  inermis  is  between  that  of 
oat  straw  and  prairie  hay.  When  properly  cut  and  fed,  it  pro- 
duces a  valuable  crop ;  but  if  allowed  to  mature  it  is  less  valuable 
for  fodder  purposes. 


r 
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LIMESTONE  FOR  REFINING  BEET  SUGAR 

The  limestone  used  for  refining  beet  sugar  must  be  of 
purity,  as  the  presence  of  gypsum,  magnesium  compounds, 
alkaline  matter  causes  trouble  in  the  various  refining  operat 
There  is  an  abundance  of  limestone  in  the  state,  but  all  oi 
analyses  made  prior  to  1897  showed  that  no  stone  had  been  f( 
that  could  be  used  for  sugar-house  work.  Prior  to  the  ope 
of  the  St.  Louis  Park  Beet  Sugar  Factory,  in  1898,  Hon.  H 
Keller  collected  samples  of  limestone  from  vp»*ious  parts  oj 
state.  These  samples  were  analyzed  and  high  grade  limes 
was  found  in  three  localities.  Other  samples  have  been 
ceived  during  the  past  year.  Limestone  suitable  for  1 
ing  cement  is  frequently  unsuitable  for  refining  beet  sugar, 
this  is  particularly  true  of  our  dolomite  stone,  from  which  a  j 
grade  of  cement  is  made.  The  analyses  are  given  of  only  t 
limestones  that  are  suitable  for  beet-sugar  work.  Undoubi 
other  localities  will  be  found  that  contain  equally  good  s 
For  the  development  of  this  industry,  it  is  particularly  forti 
that  there  is  an  abundance  of  high-grade  limestone  in  the  5 
as  at  least  a  car-load  of  limestone  per  day  is  used  by  an  ordi 
beet  sugar  factory.  In  addition  to  the  Faribault  samplei 
ported,  a  number  of  others  have  been  analyzed,  showing  that  1 
are  a  number  of  high-grade  limestone  quarries  at  this  place. 


TABLE  LXXIV.— Hiflrh  Grade  Limestones. 


No. 


294-5 
2946 
29+7 
2^50 
2953 
2959 
2992 
3460 
3461 
3462 
3528 


Locality. 


Faribault 

Faribault 

Faribault 

Fountain 

Cannon  Palls.. 

Faribault 

Winthrop 

Rockton  

Shustcr's  Quarry 
Sliuster'n  Quarry 
Faribault 


6.53 
4.15 
3.88 
2.49 
7.3Q 
4.10  I 
.21  1 
3.71 
1.76  I 
4.48 
2.60  I 


.91 
1.06 
1.02 
1.58 
2.7R 

.96 

.61 
1.19 
4.56 
6.59 

.48 


s 


52.11 
52.78 
63.04 
62.50 
48.99 
53.17 
55.67 
52.10 
49.76 
48.83 
54.00 


0  *{ 

55 


39.58 
41.75 
41.92 
41.30 
40.06 
41.20 
42.80 
41.69 
42  81 
41.42 
41.90 


.39 
.36 
.06 
.66 
.08 
.60 
.36 
.28 
.40 
.46 
.04 


•c2 


2« 


.04 
.01 
03 

.24 
.23 
.17 
.14 

.16 

.01 
.10 

.07 
.20 

.24 

.26 

.06 

.'26 
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TABLE  LXXV.— Sorflrhum  Sympa. 


605 


ter 

le  Sngar 

ladng  Sugar. 
Ml  Sn^Ar 


No.  2789. 
Per  Cent. 


10.52 
35.15 
28.27 
63.42 
2.00 


No.  2799. 
Per  Cent. 


19  S5 
37.72 
26.24 
62.96 
3  74 


No.  2739.     Sent  by  J.  W.  Steed,  Anoka,  Minn. 

No.  2799.     Sent  by  Seth  H.  Kenney,  Morristown,  Minn. 

Both  samples  compare  very  favorably  in  composition  with 
:  published  analyses  of  the  best  grades  of  sorghum  produced  in 
re  southern  latitudes. 


SUGAR. 


Sugar  mafiufactured  at  the  St.  Louis  Park  Beet 
Sampled  by  a  representative  of  the  Experiment 


No.  3019. 
g;ar  Factory, 
ition. 

Sugar  by  polarization,  99.4  per  cent.  pure. 

Inquiries  are  frequently  received  as  to  whether  beet  sugar  is 
t  cane  sugar.  Both  are  sucrose  (C12  H22  On).  When  sub- 
ted  to  the  same  degree  of  refiniijg,  there  is  no  difference  be- 
5en  beet  sugar  and  cane  sugar.  In  fact,  the  difference  cannot 
detected  by  chemical  analysis. 


1^ 


I 


BUTTER. 


The  United  States  Department  of  Agriculture,  in  order  to 
:ourage  a  foreign  market  for  butter,  has,  during  the  last  two 
irs,  sent  trial  shipments  of  Minnesota  creamery  butter  to  the 
ndon  market.  Samples  of  some  of  this  butter  have  been  anal- 
id  at  the  Minnesota  Experiment  Station,  with  the  object  of  de- 
mining  the  composition  and  general  character  of  the  butter. 
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DAIRY  SALT. 
TABLB  LXXVI.— Oomposltlon  of  Butter. 


Water. 

Fat. 

Salt  and 
Ash. 

Case! 

No.  2748 

10.88 
11.48 
12.86 
12.82 

86.84 
86.74 
84.68 
85.40 

1.68 
1.26 
1.66 
1.42 

A 

No.  2731 

.1 

No.  3044> 

,i 

No.  8092 

A 

The  per  cent,  of  salt  and  ash  is  less  than  that  present  in  1 
made  for  home  use.  The  per  cent,  of  casein  and  foreign  r 
is  materially  less  than  is  found  in  many  butters.  It  is  apf 
that  by  our  improved  processes  of  butter  making  less  fc 
matter  is  left  in  the  product  than  by  the  old  methods.  The 
pies  contain  an  average  amount  of  water,  and  are  quite  un 
in  composition. 

DAIRY  SALT. 

Samples  of  dairy  salt  have  been  received  and  analyze^ 
eluding  the  Diamond  Crystal,  Worcester,  Vacuum  Pan,  and 
brands.  The  salts  were  all  found  to  be  of  high  purity,  a  <J 
ence  in  purity  of  less  than  one  per  cent,  being  observed.  0 
the  main  differences  in  the  salt  samples  examined  was  ii 
fineness  of  the  salt  crystals.  (The  order  of  the  numbers 
not  correspond  with  the  brands  given). 


TABLE  LXX VTI.-Composition  of  Dairy  Salt. 

Pnre  So 
Chlor 
PcrCt 

No.  1134 

99. 

No.  1208 

98. 

No.  1080 

98. 

No.  1081 

98. 

No.  1082 

99. 

No.  2022 ; 

99 

TESTING  SKIM  MILK. 

The  testing  of  separator  skim  milk  by  the  double-n( 
Ohlson  bottle,  suggested  by  Farrington,  has  led  to  many  inqi 
as  to  what  the  small  divisions  should  be  called,  .05  or  .i( 
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.  Five  samples  of  skim  milk,  analyzed  by  the  chemical  gravi- 
ric  method,  gave  the  following  results  when  tested  with  the 
son  bottles,  calling  the  divisions  .05  per  cent. : 


1 


M  .-s 


■-■ 


TABLE  LZXVm.— Fatln  Skim  MUk. 


Per  Cent.  Fat. 

Cbemical 
Method. 

Oblson  Test 
Bottles. 

I 

.086 
.072 
.167 
.082 
.051 

,05 

{ 

.02 

{ 

.08 

k.:.:!:z:z;;z:::::::;:::;::.":":;;;;; ;::::::: ::::::.::;: 

.05 



trace. 

When  the  divisions  are  called  .05  per  cent,  it  is  to  be  observed 
the  results  are  lower  than  those  obtained  by  the  chemical 
:ess.  On  the  other  hand,  if  the  results  are  doubled  they  are 
itly  greater  than  the  chemical  results.  Calling  the  divisions 
per  cent,  brings  the  results  nearer  to  those  by  the  chemical 
hod  than  when  the  scale  is  read  .05  per  cent.  Farrington  and 
U  state  that,  "practically  speaking,  each  division  may  be  taken 
how  one-tenth  of  i  per  cent.,  if  the  column  of  fat  obtained 
only  one  or  two  divisions  of  the  scale." 


PRESERVATIVES. 

The  extensive  sale  of  preservative  powders  and  liquids  for 
preservation  of  milk,  fruit,  meats,  and  human  food  products 
:eneral,  has  lead  to  many  inquiries  in  regard  to  their  influence 
n  health.  The  preservative  powders  generally  contain  one 
nore  of  the  following  chemicals :  borax,  boric  acid,  salicylic 
I,  or  formalin.  Sanitary  authorities,  as  a  rule,  seriously  object 
be  use  of  any  of  these  chemicals  for  the  preservation  of  human 
Is,  on  the  grbund  that  they  are  all  injurious  to  health.     Since 
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their  use  can  be  avoided,  it  is  safest  and  best  not  to  employ 
for  preserving  milk  fruits  or  other  foods. 

No.  3020.  Liquid  milk  sweet,  a  preparation  manufai 
by  the  National  Preservative  Company,  for  the  preservati 
milk.  This  material  was  sent  to  the  laboratory  by  Mr.  Ge 
Haigh,  secretary  Mankato  County  Dairy  Association.  A  < 
ical  analysis  of  the  material  showed  that  it  is  a  40-per  cent, 
tion  of  formalin,  worth  35  cents  per  pound.  Trials  made 
laboratory  showed  that  a  normal  lactic  acid  fermentation 
not  be  induced  in  milk  which  contained  formalin.  It  is  ques 
ble  whether  a  butter  of  the  best  flavor  can  be  produced  whe 
malin  is  used  for  preserving  the  milk,  because,  by  destroyir 
lactic  acid  ferment,  it  prevents  normal  ripening  of  the  c 
Hence  it  will  be  seen  that  its  use  results  in  a  financial  loss 
creamer^-.  Formalin  is  one  of  the  most  active  germicides  k 
and  is  extensively  used  in  anatomical  laboratories  for  the  p 
vation  of  specimens. 

No.  3122.  Preservative  compound,  manufactured  by 
Rockwell  &  Co.,  Jackson,  Mich.  Sent  by  Mrs.  N.  J.  Solly, 
can  Lake,  Minn.  The  substance  contains  phosphoric 
soda,  and  free  salicylic  acid.  The  chief  ingredients  ii 
powder  are  salicylic  acid  and  sodium  phosphate.  Prescott 
li^j  (Organic  Analysis)  that  salicylic  acid  is  "irritant  to  mucoui 

faces."     In  many  countries  the  use  of  salicylic  acid  for  the  p 
vation  of  foods  is  forbidden  by  law. 

During  the  last  session  of  the  legislature  a  law  was  passec 
hibiting  the  use  of  preservatives  in  milk  and  dairy  products. 

I  ■  *  r  •' 


FERTILIZER  MATERIALS. 

An  extended  discussion  of  the  different  kinds  of  fam 
commercial  fertilizers  is  not  attempted  in  this  bulletin.  Am 
are  given  of  only  those  materials  that  have  been  sent  fo 
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unination  by  farmers  and  others.  At  the  present  time  no  com- 
nercial  fertilizers  are  regularly  offered  for  sale  in  the  state.  Ex- 
:ept  in  special  cases,  as  market  gardening,  it  is  doubtful  if  it 
^ould  pay  to  use  them,  because  the  reserve  fertility  of  the  soil 
las  not  been  drawn  upon  to  such  an  extent  that  it  demands  replen- 
ishing. For  ordinary  crops,  the  use  of  farm  manure,  supple- 
nented  by  waste  and  by-products,  such  as  ashes,  tankage, 
Iried  blood,  and  the  manure  from  the  large  stock  yards,  the  grow- 
ng  of  clover  and  the  judicious  rotation  of  crops,  will  suffice  to 
prevent  decline  in  crop  production. 

No.  3124.  Tankage  from  South  St.  Paul  stock  yards.  Sent 
:o  the  laboratory  by  T.  P.  Smith,  St.  Paul. 

No.  3123.  Dessicated  sheep  manure.  Prepared  at  South 
5t.  Paul  stock  yards.     Sent  by  T.  P.  Smith,  St.  Paul. 

No.  1410.  Tankage  from  Twin  City  Stock  Yards.  Ana- 
yzed  for  Horticultural  Division. 

No.  1411.  Tankage  from  W.  W.  Rich  Rendering  Company. 
\nalyzed  for  Horticultural  Division. 

No.  2757.  Tankage  mixture.  Union  Refining  Company. 
\nalyzed  for  Horticultural  Division. 

No.  2718.  Sheep  manure.  Sent  by  Northrup,  King  &  Co., 
Minneapolis. 

No.  2751.  Soft  coal  soot,  from  boiler  flues  of  boilers  of 
Minneapolis  Water  Works.  Sent  by  Wyman  Elliot,  Minneap- 
olis. 

No.  2736.  Nitrate  of  soda,  sent  by  Farmers'  Seed  Com- 
pany, Faribault,  Minn. 

Nos.  2020,  2021.  Peat  bog  ashes,  brought  to  the  laboratory 
Dy  C.  C.  Dikes,  White  Bear  Lake,  Minn.  From  a  peat  bog  that 
lad  been  burned  over  in  1896. 

No.  1 120.  Ashes  from  sawmill.  Soft  wood  and  sawdust 
4sed  for  fuel;  ashes  unprotected  from  rain. 

No.  1 129.  Hard  wood  ashes.  From  schoolhouse  furnace, 
maple  and  oak  used  as  fuel. 

No.  1156.  Dried  Blood.  From  Twin  City  Stock  Yards. 
Received  from  Horticultural  Division. 
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TABLE  LXXIX.— Composition  of  Fertiliser  Materials. 


No.  3124. 
No.  3123. 
No.  1410. 
No.  1411. 
No.  2767. 
No.  2718. 
No.  2751. 
No.  2786. 
No.  2020. 
No.  2022. 
No.  1120. 
No.  1129. 
No.  1156 


Tankage 

Dessicatcd  Sheep  Manure. 

Tankage 

Tankage 

Tank  age.  Mixture 

Sheep  Manure 

Soft  Coal  Soot 

Nitrate  of  Soda 

Pent  Bog  Ashes 

Peat  Bog  Asheit 

Sawmill  Ashes 

Hardwood  Ashes 

liried  Blood 


Nitrogen. 
Per  Cent. 


7.06 
3  04 
4.71 
6.13 
2.20 
.03 


14.76 


11.26 


Phosphoric 

Acid. 
Per  Bent. 


11.13 

2.64 

13  26 

13.01 

6.84 


1.90 
2.16 
1.00 
3.00 


Potj 
Per  < 


IH-" 


The  tankage  samples  show  extreme  variation  in  com 
tion.  The. same  price  per  ton,  however,  was  charged  for  al 
samples.  Sample  No.  141 1,  for  example,  has  an  agjicul 
value  of  $3.36  per  ton  greater  than  No.  1410.  The  tankage 
ture  No.  2757  contains  a  large  amount  of  land  plaster.  Tar 
contains  so  little  potash  that  this  ingredient  was  not  determin 
the  samples  analyzed. 

The  dessicated  sheep  manure  has  been  dried  and  tn 
so  as  to  destroy  weed  seeds.  It  varies  in  composition  accoi 
to  the  proportion  of  straw  and  litter  originally  present,  and  als 
cording  to  the  nature  of  the  food  which  the  animals  receive.  S 
manure  sample  No.  2718  was  taken  from  a  carload  lot  of  1 
manure.  It  was  analyzed  with  the  object  of  determining  to 
extent  losses  by  heating  and  volatilization  of  ammonia 
occurred  during  shipment.  Five  samples  from  different  par 
the  car  showed  a  difference  of  less  than  .07  per  cent,  nitre 
Compared  with  the  fresh  manure,  there  were  only  slight  1< 
during  the  three  weeks'  shipment  of  the  manure. 

The  soft  coal  soot,  No.  2751,  contains  but  little  fertility, 
has  some  mechanical  value  on  sandy  soils,  enabling  the  lar 
hold  more  moisture;  but  the  material  suppHes  but  little  ] 
food.  The  nitrate  of  soda  is  about  92  per  cent.  pure.  The 
bog  ashes  are  not  of  any  great  value.  It  is  doubtful  if  it  w 
pay  to  draw  them  any  distance.  They  are  so  exceedingly 
in  weight,  and  low  in  potash  and  phosphoric  acid  that  they  r 
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rery  dilute  manure.  When  the  bogs  are  covered  with  timber, 
J  ashes  arc  more  valuable.  The  sawmill  ashes  are  of  very  poor 
ality,  being  soft  wood  leeched  ashes.  The  hard  wood  ashes 
>m  the  schoolhouse  furnace  may  be  taken  as  a  type  of  high- 
ide  ashes.  The  best  grades  of  ashes  should  be  more  extensive- 
used  for  gardening  purposes  than  they  are  at  present. 


MISCELLANEOUS  SUBSTANCES. 

No.  2077.  Mumane's  Germicide  for  hog  cholera,  brought 
the  laboratory  for  analysis  by  T.  A.  Haigh,  Mankato,  Minn. 
mufactured  at  317  Washburn  block,  St.  Paul.  A  nostrum  sold 
•  curing  hog  cholera.  Extract  from  circular :  "Take  a  piece 
flannel  1x2  inches  in  size,  and  apply  a  portion  of  Germicide 
3ut  twice  the  size  of  a  pea.  Fold  the  flannel  once  with  the 
iparation  on  the  inside,  rubbing  it  slightly  so  that  it  will  adhere 
the  flannel.  Fasten  tliis  to  the  ear  of  the  hog  with  an  ordinary 
g  ring."  Why  it  is  placed  on  the  ear  in  preference  to  some 
ler  part  of  the  body  is  not  stated.  The  Division  of  Animal  In- 
stry  of  the  United  States  Department  of  Agriculture  states  that 
medicine  has  yet  been  found  that  will  cure  or  prevent  this 
lease.     The  material  contains : 

Carbolic  acid.  Copper,  Aluminia,  Magnesia,  Glycerine,  Zinc, 
da.  Sand,  Tar,  Lead,  Potash,  Sulphuric  anhydrid,  Vasoline, 
)n.  Lime. 

About  five  cents'  worth  of   the    above     mixture     is     put  in 
imall  jar  and  sold  for  $5. 

No.  2078.  Siebner's  Potato  Bug  Exterminator  Compound. 
anufactured  at  Waukesha,  Wis.,  P.  O.  Box  1024.  Brought  to 
I  laboratory  by  Dr.  Lugger.  A  nostrum  proposed  to  render 
tatoes  "bug-proof."  The  seed  potatoes  are  treated  in  a  box 
barrel  with  layers  of  this  material,  and  left  15  hours.  The 
emical  and  microscopic  analyses  showed  that  the  material  was 
ide  of  wood  ashes,  land  plaster,  clay,  and  a  small 
lount  of   corrosive  sublimate,  a  very  poisonous  material.     No 
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explanation  was  oifered  as  to  how  this  treatment  of  the  s< 
potatoes  was  expected  to  kill  the  bugs  on  the  potato  vines. 

No.  1 133.  A  germicide,  insecticide,  and  fertilizer.  Brouj 
to  the  laboratory  for  analysis  by  Dr.  Lugger.  Put  up  in  C 
cago.  Place  of  manufacture,  and  name  of  manufacturer  i 
given.  The  solution  contained  arsenic  and  caustic  pota 
When  used  according  to  directions.  Dr.  Lugger  reports  that 
destroyed  all  the  leaves  on  a  plum  tree. 

No.  2095.    The  American  Soil  Renewer  and  Insecticide, 
preparation  for  fertilizing  crops,  killing  insects,  etc.      Brouj 
for  analysis  to  the  laboratory  by  Dr.  Lugger. 

Common  salt 79-6i  per  c€ 

Land  plaster 4.50percc 

Organic  matter 1 1 .67 per ce 

Water 4.22  per  ce 

The  organic  matter  gave  alkaloid  reactions,  resembling  ve 
trine,  the  alkaloid  found  in  white  hellebore. 

No.  2180.  Russian  Thistle  Exterminator.  A  preparati 
sold  for  destroying  the  Russian  thistle  by  spraying.  The  si 
stance  contained  arsenic  and  soda.  There  was  no  label  on  1 
package,  or  any  indication  that  it  was  a  poisonous  substan 
This  is  a  dangerous  material  to  use,  because  poisoned  thistles  j 
liable  to  be  blown  into  wells,  watering  troughs,  or  into  haystad 
and  so  cause  the  death  of  animals  feeding  upon  the  hay  or  usi 
the  water. 
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COMPOSITION  AND  FOOD  VALUE. 


HARRY  SNYDER. 

The  extensive  use  of  tomatoes  as  an  article  of  food  has 
caused  many  inquiries  to  be  made  as  to  their  food  value.  The 
nutrient  present  in  tomatoes  in  the  largest  amount  is  sugar,  while 
the  organic  acids  are  the  main  substances  which  give  individuality 
[>T  character.     In  tables  of  analysis  tomatoes  are  given  as  con- 


taining  from  92  to  95  per  cent,  water,  .45  per  cent,  ash,  .90  to  i.oo 
protein,  and  3.80  to  4.80  per  cent,  of  carbohydrates.     The  per 
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cent,  of  sugar,  which  constitutes  the  main  part  of  the  carboi 
drates,  is  given  by  various  analysts  as  ranging  from  .6  to  4.50  j 
cent.  This  wide  range  of  sugar  is  greater  than  can  reasonably 
expected  in  a  material  containing  so  little  dry  matter  as  the  1 
mato.  When  calculated  on  the  water-free  basis,  it  would 
equivalent  to  a  range  of  from  10  to  80  per  cent.,  or  more  of  1 
total  dry  matter.  On  the  water-free  basis  is  10  per  ce 
of  the  tomato  sugar,  or  is  there  a  larger  amount  ?  In  view  of  ti 
lack  of  uniformity  of  results  as  to  the  composition  of  the  toma 
complete  analyses  were  made  of  three  typical  samples:  ( 
Acme;  (2)  Livingston;  (3)  DwSirf  Aristocrat. 

Sugar. — For  this  determination  100  grams  (nearly  4  02 
of  the  fresh  sample  was  reduced  to  a  pulp,  and  the  sugar  det 
mined  by  the  official  gravimetric  process.  The  results  were 
follows : 


Sample  No.  1. 
Per  Cent. 

Sample  No.  1. 
Per  Cent. 

Sample  No 
Per  Cen 

LevuloBC  and  dextrose.. 

2.26 
1.60 

2.44 
1.62 

2.06 

Sucrose  (caae  snu^ar) 

1.73 

Total 

3.85 

4.06 

3.79 

A  compound  sample,  made  of  equal  parts  of  Nos.  i,  2  and 
was  prepared,  and  submitted  to  further  examination.  The  pol; 
izations  before  and  after  inversion,  combined  with  the  usyal  gra 
metric  observations,  showed  that  the  reducing  sugars  were  coi 
posed  approximately  of  equal  parts  of  levulose  and  dextro 
making  the  sugar  content  of  the  sample  as  follows : 

PerC< 

Levulose   i . 

Dextrose i . 

Sucrose i . 


Total 


The  same  amount  of  sugar  could  not  be  obtained  from  t 
dry  residue  of  the  tomato  as  from  the  fresh  material.  Wh 
sample  No.  i  was  dried  in  a  water  oven,  and  the  sugar  in  t 
dry  residue  extracted  and  determined,  only  2.04  per  cent,  w 
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•btained,  while  the  fresh  tomato  yielded  3.85  per  cent.  The  to- 
aato  yields  when  dried  in  the  water  oven  a  black  charred  mass 
^hich  resembles  charcoal.  Before  the  water  is  entirely  removed 
be  substance  appears  to  undergo  a  material  change.  The  com- 
incd  action  of  the  heat,  organic  acids,  and  ferments,  undoubtedly 
as  some  influence  upon  the  sugar  of  the  tomato,  particularly 
pon  the  levulose  which  is  exceedingly  easily  decomposed  by  heat 
nd  acids  (O'SuUivan).  In  order  to  determine  the  extent  to 
rhich  the  heat  and  acids  influence  the  sugar  content  of  the  to- 
lato,  a  solution  containing  by  analysis  1.79  grams  of  levulose  and 
*.$  grams  of  malic  acid  was  evaporated  to  dryness  upon  asbestos 
ber  and  left  in  the  drying  oven  the  same  length  of  time  as  the 
miato  samples.  A  black,  charred  mass  was  obtained,  of  less 
itensity  of  color  than  that  from  the  tomato.  Only  .41  grams  of 
iducing  sugar  could  be  recovered  from  the  1.79  grams  originally 
iken,  equivalent  to  a  loss  of  77,7  per  cent,  of  the  levulose  or  fruit 
agar.  The  destruction  of  the  levulose  by  the  prolonged  drying 
I  the  presence  of  the  malic  acid  explains  the  discrepancy  in  the 
igar  per  centage  of  the  tomato  as  obtained  by  different  analysts, 
ecause  some  have  obtained  their  sugar  results  from  the  dried 
jsidue,  while  others  have  used  the  fresh  material.  This  chemical 
liange  is  not  necessarily  confined  to  the  levulose  of  the  fresh  sam- 
le.  When  the  tomato  is  dried  the  sucrose  undergoes  inversion, 
nd  the  levulose  thus  formed  undergoes  the  same  change  as  the 
re-existing  levulose.  That  this  is  true  is  indicated  from  the 
ssults  and  by  direct  experiments.  In  the  compound  sample  re- 
orted  the  theoretical  amount  of  levulose  formed  from  the  sucrose 
1 .82  per  cent.,  which,  added  to  the  levulose  already  present,  gives 
total  of  1.94  per  cent.,  leaving  1.95  per  cent,  of  dextrose.  The 
.04  per  cent,  of  total  sugar  secured  from  the  dried  residue  was, 
lerefore,  mainly  dextrose.  This  same  change  was  observed 
^hen  solutions  composed  of  sucrose,  levulose,  and  /nalic  acid 
^ere  evaporated  and  heated  in  a  water  oven. 

The  fact  that  the  mixed  sugars  of  the  tomato  suffer  such 
material  change  in  drying  indicates  that  the  sugar  in  the  dried 
Jsidue  of  fruits  and  vegetables  may  not  always  be  taken  as  repre- 
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senting  the  sugar  content  of  the  fresh  substance.  Drying  h 
vacuum  would  probably  be  the  only  way  of  avoiding  th 
changes. 

Protein, — The  tomato  contains  relatively  a  low  per  cent, 
protein.     The  samples  examined  yielded  about  .5  per  cent.     1 
tomato  is  ordinarily  considered  as  containing  from  .9  to  i.oo 
cent,  protein.      Fifty-five  per  cent,  of  the  total  nitrogen  of 
tomato  is,  however,  in  non-proteid  forms.     The  samples  analy 
gave  the  following  results : 

No.  1.  No.  2.  No. 

Per  Cent.  Per  Cent.        Per  C 

Total  nitrogen   17  .18 

Protcid  nitrogen   08  .08 

Non-proteid  nitrogen 09  .10 

Fat. — The  direct  extraction  of  the  dry  matter  of  the  tom 
gives  about  .5  per  cent,  of  ether  extract,  commonly  called 
If  the  residue  is  first  extracted  with  alcohol,  a  much  sma 
amount  of  ether  extract  is  obtained,  as  will  be  observed  from 
following  results : 

Et 

Bxti 

PerC 

1.  Direct  extraction  of  residue 

2.  After  extraction  with  alcohol 

3.  Ether  extract  i,  soluble  in  alcohol 

From  these  results  it  is  evident  that  about  90  per  cent 
the  ether  extract  of  the  tomato  consists  of  non-fatty  matei 

TABLE  LXXX.— Composition  of  Tomatoes. 


Sample  1. 
Per  Cent. 

Sample  2. 
Per  Cent. 

Sample 
Per  Cei 

Sucrose  (cane  augAr)..... 

1.60 

1.12 

I.IS 

,50 

.36 

.06 

.37 

.69 

.32 

.26 

93.61 

1.62 

1.12 

1.12 

.60 

.40 

1.7J 

Dextrose  (glucose) 

I^evulose  (nruit  sugar) 

l.OJ 
l.OJ 

Protein  

44 

Arnides 

.3€ 

Kat 

Malic  Acid 

.47 
.56 
.34 
.11 
93.76 

.41 

Ash 

.54 

Insoluble  in  Acid 

.31 

Undetermined 

Water 

.If 
93.92 

Total 

100. 
6.39 

100. 
6.24 

100. 

Total  Solids 

6.0; 
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LOSSES  OF  NUTRIENTS  IN  CANNING  TOMATOES. 

When  the  tomato  is  to  be  used  for  food,  care  should  be  taken 
D  retain  all  of  the  juice,  as  the  nutrients  are  present 
irgely  in  soluble  form,  and  any  diminution  of  the  amount  of  juice 
ntails  a  corresponding  loss  of  nutrients. 

In  the  canning  of  tomatoes  it  is  sometimes  customary  to 
[low  the  juice  to  drain  from  the  solids,  with  the  object  of  secur- 
ig  a  more  concentrated  product.  In  order  to  determine  the 
)sses  by  this  method  of  preservation,  two  cans  were  prepared, 
ne  with  and  one  without  the  juice.  The  amounts  of  material 
iken,  and  the  weights  of  the  products  secured  are  given  in  the 
)Ilowing  table : 

TABLE  IjXXXT.— Oanned  Tomatoes. 


>matoes  used.  3  lbs , 

fuse  excluded , 

eight  of  canned  product 

>ss  of  Water,  etc..  by  evaporation 


Can  1. 

Grams. 

With  Juice. 


1362 
302 
708 
352 


Can  2. 
Grains. 
Without 

Juice. 


1862 
643 
664. 
165 


IP 


When  301  grams  (11  ozs)  of  juice,  from  3  pounds  of  toma- 
es,  were  excluded  from  can  2,  the  losses  as  determined  by  ana- 
sis,  compared  with  can  i,  were  11.74  grams  of  sugar.  The 
tal  amount  in  tlie  three  pounds  of  tomatoes  was  53.11  grams, 
n  unnecessary  loss  of  22  per  cent,  of  the  total  sugar  of  the  tomato 
suited  from  the  exclusion  of  the  juices. 

When  the  juice  was  retained,  and  the  product  concentrated 
'  evaporation,  as  in  can  No.  i,  the  material  finally  yielded  9.62 
T  cent,  solids  and  5.5  per  cent,  sugar.  As  prepared  for  the 
ble,  a  pound  of  canned  tomatoes  like  No.  i  would  contain  about 
►.4  grams  of  sugar  (6/7  oz),  and  about  18.4  grams  of  all 
her  nutrients  combined  (a  little  over  1/2  oz.).  Calculated  on 
e  basis  of  nutrients,  this  is  not  a  large  amount,  but  the  tomato 
s  an  additional  value,  difficult  to  determine, — its  favorable  in- 
lence  upon  the  digestibility  of  other  foods. 
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THE  PROTEIDS  OF  WHEAT  FLOUR. 


HARRY  SNYDER. 

The  proteids  of  wheat  have  been  studied  by  a  number  of  in- 
vestigators. One  of  the  earliest  and  most  complete  investigations 
of  the  subject  was  made  by  Ritthausen,^  who  identified  four  pro- 
teids, namely,  (i)  gluten-casein,  (2)  gliadin  (plant  gluten),  (3) 
mucedin,  and  (4)  gluten-fibrin.  Gluten-casein  is  insoluble  in  hot 
and  cold  alcohol,  but  soluble  in  dilute  alkali  solutions  from  which 
it  may  be  again  precipitated  by  acids.  Gliadin  also  is  soluble  in 
dilute  alkali  solutions,  and  may  be  re-precipitated  by  acids.  It 
is  soluble,  too,  in  warm  dilute  alcohol,  from  which  it 
is  again  precipitated  on  cooling.  Mucedin  is  similar  to  gliadin, 
though  less  soluble  in  strong  alcohol.  It  is  readily  soluble  at 
ordinary  temperatures  in  60  to  70  per  cent  alcohol,  and  also  in 
acetic  acid.  Gluten-fibrin  is  soluble  in  dilute  boiling  alcohol;  it 
is  again  precipitated  on  cooling. 

Among  the  more  recent  contributions  to  this  subject  is  the 
work  of  Osborne  and  Voorhees.^  According  to  their  investiga- 
tions, there  are  five  separate  proteids  in  wheat;  namely,  (i) 
gliadin,  (2)  glutenin,  (3)  edestin  (a  globulin),  (4)  leucosin  (an 
albumin),  and  (5)  a  proteose. 

Frdm  the  results  reported  in  this  bulletin  it  will  be  observed  that 
about  89  per  cent  of  the  total  proteids  of  flour  is  in  the  form  of 
gluten.  In  the  testing  of  flour,  gluten  is  obtained  by  washing  a 
sample  of  dough  with  cold  water  to  remove  the  starch  and  other 

iDie  Biweisskorper  der  flretreidearten ,  Hulseifrrtichte  and  Oelsamen.    Bonn,  1872. 
(Contains  references  to  his  earlier  publications.) 
SAmer.  Chem.  Jonr.,  15  (1893),  p.  392. 
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compounds.  The  gluten  mass  is  usually  very  elastic  and  tenacious 
varying  in  quality  according  to  the  nature  of  the  flour  from  whicl 
it  is  obtained.  Inasmuch  as  both  the  food  value  and  the  bakinj 
quality  of  flour  are  determined  mainly  by  the  character  of  th 
proteids,  it  is  unnecessary  to  speak  of  the  importance  of  a  stud 
of  these  bodies  in  relation  to  the  milling  of  wheat,  practical  brea 
making,  and  human  food  investigations. 

In  a  former  report,  Minn.  Bulletin  54,  it  was  shown  tha 
wheat  gluten  is  composed  of  two  proteids,  gliadin  and  glu 
tenin;  these  two  bodies  form  about  85  per  cent  of  the  proteid 
of  wheat.  The  giiadin  may  be  extracted  from  either  gluten  0 
flour  with  a' 70  per  cent  solution  of  alcohol.  The  gliadin  obtaine 
after  evaporating  the  alcohol  is  in  the  form  of  thin,  transparer 
flakes  which  resemble  gelatine.  In  fact,  gliadin  was  called  b 
the  earlier  investigators  plant  gelatine.  When  moistened  th 
gliadin  expands  and  forms  a  mucilagenous  mass.  When  mor 
water  is  added,  a  small  amount  is  dissolved.  Gliadin  i 
soluble  in  dilute  acid  and  alkali  solutions,  and  in  many  sample 
of  flour,  particularly  those  which  have  been  kept  for  some  tini( 
there  is  sufiicient  acid  developed  to  combine  with  and  rende 
soluble  appreciable  amounts  of  this  proteid.  Gliadin,  like  all  0 
the  wheat  proteids,  is  characterized  by  a  high  per  cent  of  nitroger 
It  takes  a  very  important  part  in  bread  making,  and  is  the  ma 
terial  which  binds  together  the  flour  to  form  dough  and  enable 
the  mass  to  expand  by  retaining  the  gas  generated  by  the  yeasi 
The  gluten  from  ordinary  flour  contains  from  60  to  70  per  cer 
of  gliadin,  the  remaining  30  to  40  per  cent  being  glutenin. 

Glutenin  is  the  proteid  which  remains  after  extracting  th 
gliadin  from  the  gluten.  When  dry  and  pure  it  forms  a  ligh 
gray  mass,  which  may  be  reduced  to  a  fine  powder.  It  is  insol 
uble  in  dilute  alcohol  and  salt  solutions,  and  is  only  sparingl 
soluble  in  water.  It  is  readily  soluble  in  dilute  acid  and  alka' 
solutions.  This  proteid  also  takes  an  important  part  in  brea 
making.    It  combines  mechanically  with  the  gliadin,  and  "serve 


*Notc.  The  summary  of  the  work  by  Ritthansen,  Guthrie,  Flcurent  and  O'Brie 
was  contributed  by  Dr.  Langrworthy,  of  the  office  of  Experiment  Stations  N.  S 
Department  of  Agriculture,  Washington,  D.  C. 
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as  a  nucleus  to  which  the  gliadin  adheres*'  and  prevents  the  dough 
from  becoming  too  soft  and  sticky.  When  these  two  proteids  are 
present  in  flour  in  the  proportion  of  65  per  cent  of  gliadin  to  35 
per  cent  of  glutenin,  a  much  better  quality  of  bread  can  be  pro- 
duced, than  from  flour  containing  the  same  amount  of  total  pro- 
teids, 75  per  cent  of  which  is  gliadin  and  25  per  cent  glutenin. 

In  addition  to  gliadin  and  glutenin,  which  are  the  two  main 
proteids  of  wheat,  there  are  small  amounts  of  other  proteid  bodies 
present  in  wheat,  which,  according  to  Osborne  and  Voorhees,  have 
the  following  characteristics :  Leucosin,  an  albumin,  is  soluble  in 
water  and  coagulated  at  52°  C.  (Ordinary  flour  contains  from  0.25 
to  0.40  per  cent  albumin.)  Edestin,  a  globulin,  is  soluble  in  dilute 
salt  solutions,  and  coagulated  at  temperatures  above  100°  C. 
(Flour  ordinarily  contains  from  0.75  to  1.50  er  cent  of  globulin.) 
After  removing  the  albumin  and  globulin  from  the  water  and  sal^ 
solutions  used  in  separating  the  above  proteids,  there  remains  a 
soluble  proteid,  a  proteose  which  is  coagulated  by  tannic  acid  and 
other  reagents. 

The  gliadin-glutenin  ratio  is  an  important  matter  to  consider 
in  determining  the  bread-making  qualities  of  flours.  Girard  ^  states 
that  the  gliadin-glutenin  ratio  in  winter  wheat  is  about  75  12$. 
From  Osborne  and  Voorhees'  investigations  it  would  appear  that 
wheat  gluten  is  composed  of  nearly  equal  parts  of  gliadin  and  glut- 
enin.2  This  matter  was  recently  studied  by  Guthrie.  ^  A  number  of 
experiments  were  made  on  ( i )  the  strength,  i.  e.  the  amount  of 
water  which  flour  made  from  various  sorts  of  Australian-grown 
wheat  would  absorb;  (2)  the  gluten  content;  (3)  the  proportion 
of  glutenin  to  gliadin  in  the  gluten;  and  (4)  the  physical  nature 
of  the  gluten  of  the  various  flours.  The  author  concludes  that 
the  strength  or  water-absorbing  capacity  of  flour  depends  directly 
upon  the  relative  proportion  of  the  glutenin  and  gliadin  of 
the  gluten.  When  these  two  bodies  are  present  in  about  the  same 
proportion,  the  flour  is  stronger  than  that  which  contains  a  larger 
proportion  of  glutenin*    Flours  in  which  glutenin  predominates 


I' 


iCompt.  Rend.  Acad.  Sci.  Paris,  1:^3,  p.  327. 
aAm.  Chem.  Jour.,  p.  3»2 
8Ag.  Gaz.  N.  8.  Wales,  7.  1896. 
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yield  strong,  lotigh,  elastic,  non-adhesive  glutens.  When  gliadi 
predominates  the  gluten  is  weak,  sticky,  and  inelastic.  In  a  late 
publication^  Guthrie,  with  E.  H.  Gurney,  reports  the  determ 
nation  of  gluten  and  the  strength  of  a  number  of  samples  of  flou 

AcocrdingtoFleurent  the  respective  proportions  of  gladin  ar 
glutenin  in  gluten  are  about  as  follows :  Glutenin,  from  i8  1 
25  per  cent  of  the  total  gluten ;  gliadin,  from  60  to  80  per  cent  i 
the  total  gluten.  The  gliadin  is  regarded  as  the  true  agglutina 
ing  matter,  and  not  the  glutenin,  and  the  reason  the  proteids  i 
the  other  cereals  do  not  form  a  sticky  dough  is  because  the  quai 
tity  of  gliadin  is  comparatively  small,  ranging  from  8.17  per  cei 
of  the  total  amount  of  proteids  in  barley  to  47.50  per  cent 
maize. 

The  distribution  of  gluten  and  its  constituents  in  the  stan 
layer  of  wheat  has  also  been  recently  investigated  by  FleurenI 
The  results  were  published  after  the  investigations  described 
this  bulletin  were  completed.  Fleurent  determined  the  gluten 
flour  at  different  stages  of  grinding  and  the  amount  of  gluten 
and  gliadin  in  the  gluten  in  several  sorts  of  wheat.  In  his  opinic 
the  results  show  that  the  gluten  content  and  the  composition  ( 
gluten  \'ary  in  different  varieties  of  wheat  and  also  in  the  produc 
obtained  from  the  same  wheat  at  different  stages  of  grindin 
The  quantity  of  gluten  increases  from  the  center  of  the  whe 
grain  toward  the  periphery  of  the  starch  layer,  while  the  glut( 
contains  a  higher  percentage  of  glutenin  as  it  approaches  the  ii 
terior  of  the  grain. 

An  extended  study  of  the  proteids  of  wheat  flour  and  whe 
germ  has  been  reported  by  O'Brien.®  According  to  this  auth( 
flour  contains  the  following  proteids : 

I.  Globulins:  precipitated  by  carbon  dioxide  and  by  dialys 
from  neutral  saline  solutions. 

(a)  myosin-type:  coagulating  at  about  55**;  soluble  i 
dilute  sodium  chloride  and  magnesium  sulphate  s( 
lutions,  precipitated  by  excess. 


lAg.  Gaz.  N.  S  Walrs,  8,  1897. 

sCompt.  Rend.  Acad.  Sci.  Paris,  126,  p.  1592. 

SAnn.  Bot.  9  (1895)  pp.  171  and  5-43. 
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(b)  tntellin-type,  coagulating  at  75-80'';   soluble  in  dilute 

sodium  chloride  solution,  not  precipitated  by  ex-  ' 

cess ;  soluble  in  dilute  magnesium  sulphate  solution, 
precipitated  by  excess. 
2.  Proteose :  not  coagulated  by  heat. 
3.  Mother-substance  of  gluten;    only  attainable  in  hydrated  .  .  '       ■ 

•m  as  either  gliadin  by  extracting  flour  with  75-90  per  cent  ^  - 

ohol ;  or  gluten,  by  treating  flour  with  water.  jtftf'^ 

The  correspondency  between  the  globulins  of  the  germ  and  j?  .. 

)se  of  flour  are  regarded  as  fairly  complete.     O'Brien  regards  '   *  ' 

i  viteliin  and  myosin  which  make  up  what  he  calls  globulin  as 
intical  with  the  globulin  (edestin)  and  albumin  (leucosin)  of 
borne  and  Voorhees.  The  proteoses  are  also  regarded  as  iden- 
al.     The  author  does  not  agree  with  Osborne  and  Voorhees'  ' 

nclusions  that  gluten  is  made  up  of  gliadin  and  glutenin ;  that  ^: 

tst  constituents  exist  in  flour  in  the  same  proportion  as  in  glu-  >i  J  f 

1,  and  therefore  that  gluten  may  be  said  to  exist  as  such  in  ,*  "   ' 

t  flour.    In  his  opinion  these  substances  may  be  extracted  from  *  -^ 

lien  in  var\dng  proportions  according  to  the  method  employed.  8  t" 

liis  suggests  that  the  one  may  be  derived  from  the  other;  and  /  . 

is  probably  the  less  soluble  substance  (zymom)  that  is  derived 
)m  the  more  soluble  (gliadin) ;  hence  the  alcohol-soluble  sub- 
mce  (gliadin)  is  ultimately  co-extensive  with  gluten.'* 

O'Brien  believes  his  investigations  indicate  *'the  existence 
one  mother-substance  in  flour  which  readily  undergoes  hydra-  '." 

m,  giving  rise  to  gluten.  For  we  can,  as  it  w^ere,  intercept  hy- 
ation  at  any  point  and  obtain  consequently  a  larger  or  a  smaller  ' ' 

lount  of  alcohol-soluble  substance  by  extracting  gluten  with  -    .   I 

:ohol  at  an  earlier  or  later  stage  in  its  progress  to  almost  com-  ^  . 

^te  insolubility.  Moreover,  it  seems  almost  impossible  com- 
itely  to  extract  from  flour  the  whole  of  the  alcohol-soluble  pro-  '.    . 

d  with  75  per  cent  alcohol  in  the  cold ;  this  again  is  suggestive 
a  gradual  hydration  of  the  mother-substance." 

O'Brien's    article    includes    an    extended    review     of     the  ..'  .    •..     .  > 

erature  of  the  subject,  covering  a  period  from  the  discovery  of  '  *  - 

uten  by  Beccari  in  1766  to  the  present  time.  •      •    ' 
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624     METHODS  EMPLOYED  IN  SEPARATION  OP  PROTEIDS. 

Inasmuch  as  the  bread-making  qualities  of  different  flot 
are  so  variable  it  was  considered  advisable  to  make  a  study  of  t 
proteids  of  a  number  of  samples  of  flour  and  mill  produc 
In  general,  the  methods  proposed  by  Osbom  and  Voorhees  i 
the  separation  of  these  proteids  were  followed. 


METHODS  EMPLOYED  IN  SEPARATION  OF 
PROTEIDS. 

Water-soluble  nitrogen, — Fifteen  grams  of  flour  w( 
weighed  into  a  flask  and  250  cc.  distilled  water  added,  the  tempe 
ture  being  kept  at  about  30**  by  placing  the  flask  in  water  of  tl 
temperature.  The  flask  was  shaken  occasionally.  After  t 
hours,  200  cc.  of  the  clear  filtrate  were  placed  in  a  Kjeldahl  dig 
tion  flask  containing  a  little  sulphuric  acid  and  evaporated  nea 
to  dryness,  when  the  remainder  of  the  acid  necessary  for  oxidati 
was  added  and  the  determination  of  nitrogen  completed  in  I 
usual  way.  When  it  was  also  desired  to  separate  water-solul 
gliadin  30  grams  of  flour  and  500  cc.  of  water  were  used.  C 
half  of  the  filtrate  was  evaporated  nearly  to  dryness  and  the  re 
due  treated  with  70  per  cent  alcohol  to  extract  the  soluble  gliad 
The  extract  was  filtered  through  a  small  filter.  The  filter  paj 
with  the  insoluble  proteid  residue  was  placed  in  a  Kjeldahl  flj 
and  the  nitrogen  in  it  determined  in  the  usual  way. 

Salt-soluble  nitrogen. — After  removing  the  water-soluble  p; 
teids,  the  flour  residue  was  placed  in  a  flask  and  500  cc.  oi 
per  cent  sodium  chlorid  solution  added.  After  standing  for  ab< 
two  hours  at  30**,  the  nitrogen  in  the  extract  was  determined 
in  the  case  of  proteid  soluble  in  water. 

Gliadin, — Five  grams  of  flour  or  other  material  were  weigl 
into  a  flask  and  250  cc.  of  70  per  cent  alcohol  added,  the  conte 
of  the  flask  being  shaken  at  intervals  of  half  an  hour  for  th 
hours.  The  alcohol  was  left  in  contact  with  the  flour  for  ab( 
eighteen  hours.  The  alcoholic  extract  was  then  filtered  and  i 
cc.  of  the  filtrate  placed  in  a  Kjeldahl  digestion  flask  conneci 


Digitized  by  VjOOQIC 


METHODS  EMPLOYED  IN  SEPARATION  OF  PROTEIDS.     525 


ith  a  condenser  .  The  alcohol  was  removed  by  distilling  and 
e  nitrogen  in  the  residue  determined  in  the  usual  way.  With 
d  or  unsound  flours  a  correction  must  be  made  for  soluble  amid 
idies. 

Glutenin. — The  residue  from  the  gliadin  determination  was 
ashed  with  70  per  cent  alcohol  until  the  washings  no  longer  gave 
reaction  for  proteids.  It  was  then  transferred  to  a  flask  and 
)0  cc.  of  a  5  per  cent  solution  of  sodium  chlorid  added  to  re- 
ove  globulin  and  other  proteids.  After  two  hours'  extraction 
e  residue  was  washed  with  distilled  water  and  transferred  to  a 
Lsk,  250  Cc.  of  a  0.2  per  cent  solution  of  potassium  hydroxide 
ded,  and  after  three  hours'  extraction  the  solution  filtered,  and 
e  nitrogen  in  200  cc.  of  the  filtrate  determined  in  the  usual  way. 
le  glutenin  determination  is  the  most  troublesome  of  all  because 
e  other  proteids  must  be  removed  before  it  can  be  extracted  with 
tassium  hydroxide.  For  all  practical  purposes  the  glutenin  may 
estimated  by  difference.  Results  thus  obtained  are  within  o.i 
r  cent  of  the  actual  amount  recovered  with  potassium  hydroxide. 

Amid  nitrogen^ — Fifteen  grams  of  flour  were  treated  as  de- 
ribed  for  the  determination  of  water-soluble  proteids.  Fifteen 
bic  centimeters  of  Stutzer*s  copper  solution  were  added  to  200 
.  of  the  filtrate  and  the  albuminoid  nitrogen  determination  was 
ide  in  the  usual  way.  The  difference  between  the  nitrogen  of  the 
iter-soluble  proteid  and  the  albuminoid  nitrogen  represents  the 
lid  nitrogen. 

Tannic  acid  was  also  used  to  precipitate  the  total  soluble 
oteid  matter,  and  gave  satisfactory  results.    The  usual  method  2: 

r  the  determination  of  albuminoid  nitrogen  is  not  applicable  } 

flour  because  a  paste-like  mass  is  formed  which  can  not  be  read- 
filtered. 

The  complete  separation  of  the  several  proteids  in  flour  can 
ly  be  approximately  secured,  because  the  solubilities  of  the  sep- 
ate  proteids  will  not  permit  of  the  extraction  of  one  proteid 
thout  being  more  or  less  contaminated  with  other  proteids. 
)r  general  comparative  purposes,  however,  the  separation  of  the 
oteids  into  water-soluble,  salt-soluble,  alcohol-soluble,  and  in- 
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526  DESCRIPTION  OF  SAMPLES  USED. 

soluble  proteids  gives  valuable  results.  The  presence  of  variat 
amounts  of  organic  acids  in  wheat  and  flour  causes  the  formatit 
of  acid  proteids,  so  that  the  analyst  is  dealing  with  proteid  dei 
vations  rather  than  "native"  proteins. 


DESCRIPTION  OF  SAMPLES  USED. 

No.  I.  First  grade  Patent  flour,  highest  grade  made  frc 
spring  wheat.  The  flour  was  milled  by  the  Consolidated  Millii 
Co.,  of  Minneapolis,  March  i6,  1897.  The  roller  process  w 
used.    About  75  per  cent  of  the  wheat  is  recovered  as  flour. 

No.  2.  Second  Grade  Patent  flour,  just  a  shade  darker 
color  than  No.  I.     This  sample  was  also  milled  by  the  Conso 
dated  Milling  Co.,  and  was  from  the  same  lot  of  wheat  as  No. 

No.  3.  Third  grade  or  straight  flour :    From  the  same  whc 
as  No.  I.     The  gluten  from  the  flour  was  slightly  different 
physical    properties    from    No.    I,    which    possessed    greatc 
power  of  expansion,  producing  the  lightest  as^well  as  the  white 
grade  of  bread. 

No.  4.  Patent  flour,  highest  grade,  made  from  spring  whej 
The  flour  was  milled  by  the  Washburn-Crosby  Co.,  of  Minnea 
olis,  Minnesota,  March  18,  1897.  The  roller  process  was  ei 
ployed  and  about  seventy-five  per  cent  of  the  wheat  was  reco 
ered  as  flour. 

No.  5.  Patent  flour  made  from  winter  wheat  grown  in  Was 
ington.    A  type  of  flour  from  soft  winter  wheat. 

No.  6.  First  bakers'  grade  of  flour,  a  product  of  the  sar 
wheat  as  flour  No.  4.  The  bakers'  grades  of  flour  are  not  as  lig 
in  color  as  the  patent  grades,  and  the  gluten  does  not  possess 
great  a  power  of  expansion.  The  greatest  difference  betwe< 
the  patent  and  bakers'  grades  of  flour  is  in  the  physical  propc 
ties  of  the  gluten,  as  power  of  expansion,  capacity  to  absorb  wat< 
color,  elasticity,  etc. 

No.  7.  First  bakers'  grade  of  flour,  a  product  of  the  sar 
wheat  as  flour  sample  No.  I. 


i 
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No.  8.  Second  bakers'  grade  of  flour,  another  grade  of  flour 
from  the  same  wheat  as  flour  No.  I. 

No.  9.  Red  dog  flour :  From  the  same  wheat  as  No.  I.  This 
is  the  lowest  grade  of  flour  that  is  manufactured.  It  is  frequently 
used  for  feeding  animals.  The  gluten  in  this  flour  has  very  poor 
physical  qualities  compared  with  No.  I. 

No.  10.  Red  dog  flour,  produced  in  the  milling  of  flour  No.  4. 

No.  II.  Wheat  germ  obtained  in  the  milling  of  flpur  No.  4. 

The  germ,  although  very  rich  in  protein,  is  excluded  from 
the  flour  on  account  of  the  poor  physical  and  baking  qualities  of 
its  proteids.  It  is  used  for  making  "Breakfast  Foods,"  compressed 
yeast,  and  for  feeding  purposes.  From  four  to  seven  per  cent 
of  the  wheat  is  obtained  as  wheat  germ. 

No.  12.  Wheat  germ  obtained  in  milling  sample  No.  I. 

Wheat  shorts,  a  product  obtained  in  milling  sample 


No. 


No. 


No.  13. 

I. 

No.  14. 

4- 

No.  15. 


Wheat  shorts,  obtained    in    the    milling  of  sample 


Wheat  bran,  a  product  obtained  in  the  milling  of 
sample  No.  I. 

No.  16.  Wheat  bran  from  the  milling  of  flour  No.  4. 


f 


TABIiB  LXXXTT     Nitrogen  in  the  Proteids  of  Flour  and  Killed  Produote. 


NITROGEN  OF 

•  va 
111 

S5o 

111 

^S£ 

^(Spu 

<$c^ 

£S£ 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

.465 

.218 

.791 

1.000 

.369 

.181 

.817 

.931 

.282 

.149 

1.108 

.878 

.891 

.348 

.869 

1.287 

.277 

.194 

1.076 

.472 

.2fi8 

.285 

1.046 

1.091 

.888 

.422 

.770 

1.340 

.381 

.311 

1.524 

.927 

1.112 

.496 

.802 

1 .283 

1.027 

.647 

.©14 

1.128 

1.460 

.876 

1.106 

1.134 

1.804 

.915 

1.084 

1.248 

1.100 

.615 

.832 

.886 

.732 

.818 

.739 

.762 

.787 

.884 

.802 

.622 

.C59 

.958 

.801 

.428 

38 

HZ 


1 
2 
3 

4 

G 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 


Pirat  sr^Ade  patent  flour 

Second  grade  patent  flour 

TUrd  grade  patent  flour 

First  grade  patent  flour  from  spring  wheat 

Patent  flour  from  winter  wheat 

First  grade  baker's  flour 

Baker's  grade  flour 

Baker's  grade  flour 

Red  dog  flour 

Red  dog  flour 

Wheat  germ 

Wheat  germ 

Wheat  shorts 

Wheat  shorts 

Wheat  bran 

Wheat  bran 


Per  ct. 
2.297 
2.177 
2.111 
2.410 
1.466 
2.837 
2.669 
3.284 
3.630 
3.669 
4.296 
5.706 
3.130 
2.818 
2.871 
2.620 
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DISCUSSION  OF  RESULTS. 


The  water-soluble  nitrogen  reported  in  the  above  table  re 
resents  the  amid,  albumin,  and  proteose  nitrogen,  with  varial 
amounts  of  gliadin  nitrogen.  The  amid  nitrogen  was  determin 
in  six  samples  with  the  following  results : 

TABLB  LXXXm.    Amid  Nitrofiren  in  Flour,  Shorts  and  Wheat  Gern 

Per  Cent. 

No.  I,  Patent  flour 019 

No.  2,  Patent  flour 012 

No.  7,  Bakers'  flour 021 

No.  8,  Bakers'  flour 024 

No.  12,  Shorts 074 

No.  13,  Germ 12 

The  nitrogen  of  water  soluble  gliadin  in  a  number  of  sai 
pies  of  patent  flour  was  also  determined  by  evaporating  an  aliqi 
portion  of  the  solution  nearly  to  dryness  and  extracting  the  resid 
with  70  per  cent  alcohol.  The  following  table  shows  the  to 
nitrogen  and  the  nitrogen  of  water-soluble  gliadin  in  the  sample, 
well  as  the  nitrogen  of  albumin  and  proteose,  this  being  obtain 
by  subtracting  the  nitrogen  of  water-soluble  gliadin  from  the  tot 

TABLB  LXXXrV.    Nitrofiren  of  Water  Soluble  aiiadin,  and  Albumin  a 

Proteose  in  Flour. 


Sample. 


Patent  flour  No.  1... 
Patent  flotir  No.  2... 
Patent  flour  No.  8.. 
Patent  flonr  No.  4... 
Bakers'  floor  No.  6.. 
Bakern'  flour  No.  8.. 


Total 

Nitrogen 

Nitrogen 

Nitrogen. 

of  Soluble 

Albumen  i 

Gliadin. 

Proteose 

Per  Cent. 

Per  Cent. 

Per  Cen 

.465 

.389 

.076 

.369 

.284 

.075 

.282 

.203 

.079 

.391 

.308 

.083 

.258 

.122 

.136 

.381 

.287 

.094 

The  aqueous  extract  from  the  flours  contained  from  0.2 
to  0.389  per  cent  of  proteid  nitrogen,  soluble  in  dilute  alcoh 
Making  corrections  for  the  soluble  gliadin  and  for  the  amid  niti 
gen,  the  albumih-proteose  nitrogen  was  found  to  range  fn 
0.075  to  0.083.  A  flour  containing  a  high  per  cent  of  soluble  pi 
teids  as  albumin  and  proteose  bodies  possesses  poor  keepi 
qualities.     Such  a  flour  usually  contains  a  high  percentage 
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l^erm  proteids  which  are  associated  with  the  soluble  ferments  that 
:ause  the  flour  to  become  unsound. 

The  nitrogen  of  the  salt-soluble  proteids  in  the  flours  ranged 
Tom  0.T4  per  cent  in  the  patent  to  0.42  per  cent  in  the  low  gjade 
)akers'  flpur.  In  the  four  patent  flours  the  average  globulin  con- 
ent  was  0.95  per  cent.  The  proteids  in  the  form  of  albumin, 
globulin,  and  proteose  amounted  in  all  to  1.45  per  cent,  equiva- 
ent  to  nearly  11  per  cent  of  the  total  proteids  of  the  flour.  The 
imid  nitrogen  in  the  flour  was  slightly  less  than  i  per  cent,  con- 
equently  the  gluten  proteids  constituted  about  88  per  cent  of  the 
otal  nitrogen  in  the  flour. 

In  the  oflfal  products  examined,,  bran,  germ,  and  shorts, 
he  relative  percentage  of  the  water-soluble  as  well  as  salt-solu- 
)le,  proteids  was  much  higher  than  in  the  samples  of  flour.  In 
he  bran  the  gliadin  and  glutenin  make  up  less  than  half  of  the 
otal.  The  germ  contained  the  highest  percentage  of  water-solu- 
)le  proteids.  From  the  results  it  appears  that  more  non-gluten 
)roteids  (albumin,  globulin,  and  proteose),  are  present  in  the 
>ffal  products  than  in  the  flour  products. 

The  process  of  milling  results  partly  in  a  mechanical  separa- 
ion  of  the  various  proteids,  the  non-gluten  proteids  being  recov- 
ered mainly  in  the  by-products,  while  the  gluten  proteids  are  re- 
:overed  mainly  in  the  flour.  In  the  wheat  from  80  to  85  per  cent 
)f  the  total  nitrogen  is  in  the  form  of  gluten,  while  in  the  flour 
here  is  from  86  to  89  per  cent  in  this  form. 

In  the  table  it  will  be  observed  that  in  some  cases  the  sum 
)f  the  water,  salt,  alcohol,  and  potash-soluble  nitrogen  in  flour  ex- 
reeds  the  total  nitrogen  by  o.i  to  0.3  per  cent.  This  is  due  to  the 
fact  that  all  the  determinations  were  not  made  from  the  same 
wreighed  quantity  of  flour  and  that  some  of  the  proteids  are  classed 
n  more  than  one  group.  The  nitrogen  of  water-soluble  proteids, 
IS  previously  stated,  contains  from  0.12  to  0.38  per  cent  soluble 
§:liadin  nitrogen.  Many  of  the  gliadin  determinations  for  the  flour 
Ntrt  made  from  separate  portions  of  flour  or  by  extracting  the 
jluten  mass  with  alcohol.  This  resulted  in  part  of  the  gliadin 
>eing  recovered  in  two  places.    When,  however,  corrections  are 
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made  for  the  soluble  gliadin,  the  sum  is  always  less  than  the  toU 
nitrogen. 

Osborne  and  Vorhees'^  determinations  of  the  different  pre 
teids  of  finely  ground  wheat  are  as  follows : 

TABLE  LXXXV. '  Proteida  of  Wheat. 


• 

Spring  Wheat. 

Winter  Wheat. 

Nitrogen. 

Protein. 

Nitrogen. 

Protein. 

Glutcnin 

Oliadin 

.8246 
.6977 
.1148 
.0667 
.0453 
.0341 

.2239 

4  683 
8.96 
.624 
.391 
.269 
.213 

1.272 

.7346 
.6884 
.1148 
.0603 
.0879 
.0791 

.1662 

4.173 
3.910 

Globulin 

Albumin 

Coagulum 

.626 
.359 
.223 

Proteose ,.. 

.432 

Prom  H20  washings  of 
fi^luten 

.881 

Total 

2.006 
2.10 

11.416 
11  93 

1.87 
1.94 

10.60 

Plour 

10.96 

Osborne  and  Voorhees  state  that  "the  washings  of  the  git 
tens  were  collected  in  jars  and  allowed  to  settle;  the  sediment 
washed  with  water  and  with  very  strong  alcohol,  and  dried  an 
weighed.    The  nitrogen  in  each  case  was  then  determined." 

It  is  to  be  observed  that  in  the  case  of  the  spring  wheat  i 
per  cent,  and  of  the  winter  wheat  nearly  9  per  cent  of  the  totj 
nitrogen  was  found  in  the  washings  from  the  gluten.  The  metho 
as  described  above  would  indicate  that  this  nitrogen  is  preser 
as  insoluble  nitrogen,  presumably  as  particles  of  gluten  lost  i 
the  washings. 

They  also  state  that  "Direct  treatment  of  the  material  wit 
alcohol  yields  extracts  containing  gliadin  in  exactly  the  sam 
proportion  as  is  obtained  from  the  gluten  made  from  an  equs 
quantity  of  flour,  and  extracting  either  flour  or  gluten  with  alec 
hoi  after  complete  exhaustion  with  sodium  chlorid  gives  the  sam 
proportion  of  gliadin." 

In  Osborne  and  Voorhees'  determinations  the  sum  of  the  al 
bumin,  coagulum  and  proteose  nitrogen  for  the  spring  whea 
amounts  to  0.14  per  cent,  and  for  the  winter  wheat  to  0.176  pe 
cent.      In  the  determinations  reported  in  this  investigation  th 

lAm.  Chcm.  Jour.,  16  (1893),  p.  461. 
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)tal  amount  of  albumin,  coagulnm  and  proteose  nitrogen  is  given 
5  ranging  from  0.072  to  0.129  per  cent.  It  is  also  found  that  the 
ater-soluble  matter  contained  from  0.12  to  0.39  per  cent  of  gli- 
din  nitrogen. 

In  the  investigations  reported  in  this  bulletin  it  was  found 
lat  the  direct  extraction  of  the  flour  with  alcohol  for  the  deter- 
lination  of  the  gliadin  gave  better  results  and  offered  fewer  diffi- 
alties  tlian  the  extraction  of  the  gluten  mass.  Some  glutens  form 
rubber-like  mass  which  is  nearly  impervious  to  the  action  of 
Icohol. 

The  figures  given  in  table  LXXXII  for  the  nitrogen  of  alco- 
3l-soluble  proteids  can  not  be  taken  as  representing  the  total  gU- 
iin-nitrogen  of  the  flours  except  in  those  cases  where  the  flour 
as  directly  extracted  with  alcohol  since  ( i )  the  gluten  mass  often 
isists  the  action  of  the  alcohol;  (2)  mechanical  losses  occur  in 
)taining  the  gluten;  and  (3)  if  the  flour  is  first  extracted  with 
stilled  water  from  o.i  to  0.3  per  cent  of  gliadin  nitrogen  is  dis- 
Jved. 

Because  of  the  important  part  which  gliadin  takes  in  bread- 
aking,  a  separate  series  of  gliadin  nitrogen  determinations  was 
ade  with  six  samples  of  flour  in  the  following  way :  Five  grams 
•  flour  were  weighed  into  a  flask,  250  cc.  of  70  per  cent  alcohol 
Ided,  and  the  flask  shaken  at  half  hour  intervals  for  three  hours. 
hie  alcohol  was  left  in  contact  with  the  flour  for  fifteen  hours; 
o  cc.  of  the  filtered  solution  was  then  measured  into  a  Kjeldahl 
gestion  flask  which  was  connected  with  a  condenser,  and  the 
:ohol  distilled.  The  nitrogen  was  then  determined  in  the  usual 
ly.    The  results  were  as  follows : 


«  i 


TABLB  lOCXXVI.    aUadin  Nitrogen  in  Wheat  Flour. 


tent  flour 

tent  flour 

t  ^rbite  winter  wheat  flour. 

al^bt  flour , 

ker's  flour 

1  PoflT  flour.. 


Gliadin 
Nitrogen. 


Per  Cent. 
1.23 
1.26 
1.075 
1.30 
1.40 
,914 


Total 
Nitrogen. 


Per  Cent. 
1.95 
1.96 
1.465 
2.10 
2.40 
8.67 


Gliadin 
Nitrogen  in 

Total 
Nitrogen. 


Per  Cent. 
6309 
64.28 
73.90 
61.91 
68.34 
24.91 
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532  SUMMARY. 

It  is  to  be  observed  that  in  the  red  dog  or  lowest  grade 
flour  there  is  50  per  cent  more  total  nitrogen  than  in  the  lo\ 
gjade  of  bakers'  flour  and  nearly  90  per  cent  more  than  in 
patent  flour,  but  the  gliadin  nitrogen  content  of  the  red  dog  £ 
is  only  24.91  per  cent  of  the  total  nitrogen,  while  in  the 
patent  flour  it  is  63.09  per  cent.  The  patent  flour  from  soft  wii 
wheat  contained  the  highest  proportion  of  gliadin  of  any  of 
samples.  The  dough  made  from  this  flour  was  very  sticky 
the  bread  was  of  poorer  quality  than  that  produced  by  the  fl 
with  a  gluten  containing  63.09  per  cent  gliadin.  It  would  apj 
that  the  high  per  cent  of  gliadin  was  the  cause  of  the  sticky  cl 
acter  of  the  dough. 

In  the  examination  of  hard  and  soft  wheats,  reported  in 
letin  No.  54,  from  this  station,  a  marked  difference  in  the  glia 
glutenin  ratio  was  observed.  The  gluten  from  the  best  type 
hard  winter  wheat  contained  approximately  60  per  cent  glij 
and  40  per  cent  glutenin,  while  the  soft  wheats  contained  a  hij 
per  cent  of  gliadin  and  a  lower  per  cent  of  glutenin.  The  s 
general  ratio  of  gliadin  to  glutenin  is  observed  in  the  flours  n 
from  hard  and  soft  wheat,  the  flours,  however,  contain  a  hig 
relative  per  cent  of  gliadin  than  the  wheats. 

In  a  high  grade  patent  flour,  made  from  Scotch  ] 
(spring)  wheat,  the  several  proteids  are  present  in  about  the 
lowing  percentage  amounts : 

Per  Cent. 

Albumin 0.3 

Globulin 0.9 

Proteose  body 0.2 

Gliadin 6.8 

Glutenin 4.5 

Total 12.7 


SUMMARY. 


I.  In  the  milling  of  wheat  a  partial  mechanical  separal 
of  the  various  proteids  takes  place.    The  germ  proteids  are  o 
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)sed  largely  of  albumin  and  globulin  bodies,  while  the  bran  and 
lorts  contain  only  about  50  per  cent  of  the  total  nitrogen  in  the 
•rm  of  gliadin  and  glutenin.  The  removal  of  the'  bran  shorts 
id  germ  from  the  flour  in  the  process  of  milling  results  in  an  in- 
ease  in  the  gliadin-glutenin  content  of  the  flour,  the  non-glu- 
n  proteids  being  removed  mainly  in  the  offal  products. 

2.  In  the  patent  flour  from  soft  winter  wheat  73.90  per  cent 
the  total  nitrogen  was  in  the  form  of  gliadin,  while  in  the 

Ltent  flour  made  from  hard  winter  wheat  an  average  of  63.68 
T  cent  of  the  total  nitrogen  was  in  the  form  of  gliadin.  The 
icky  character  of  the  dough  of  the  soft  wheat  was  probably  due 
an  excess  of  gliadin,  and  a  deficient  amount  of  glutenin.  A  well 
lanced  gluten  is  composed  approximately  of  65  per  cent  gliadin 
d  35  per  cent  glutenin. 

3.  The  gliadin-glutenin  ratio  in  the  different  grades  of  flour 
ide  from  the  same  wheat  varies  from  25  to  75  in  the  red  dog,  to 

to  35  in  the  highest  patent.  The  lower  grades  of  flour  contain 
preciably  more  protein  than  the  higher  grades,  but  the  gliadin 
d  glutenin  in  the  lower  grades  are  not  present  in  the  right  pro- 
rtion  to  form  a  well  balanced  gluten,  capable  of  expansion,  and 
le  to  produce  bread  of  the  best  physical  properties. 
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INTRODUCTION. 

Owing  to  the  heavy  losses  to  the  grain  in  many  sections 
of  the  state,  caused  by  certain  insects  and  vegetable  diseases, 
and  the  fact  that  more  and  still  heavier  losses  may  be  caused 
in  the  near  future,  unless  farmers  take  time  by  the  forelock 
and  immediately  go  to  work  to  at  least  partially  prevent  a 
repetition  of  them, the  following  bulletin  has  been  prepared  at 
the  request  of  His  Excellency,  Governor  John  Lind,  who  has 
always  taken- deep  interest  in  the  welfare  of  the  farmers  of  '4 

Minnesota,  our  true  wealth  producers.  If  the  advice  given 
in  this  bulletin  is  followed,  and  followed  in  time,  much  in- 
jury to  our  cereals  may  be  avoided. 

Otto  Lugger, 

Entomologist. 
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Our  cultivated  plants  are  frequently  more  or  less  injured  by 
many  different  kinds  of  animals,  insects,  and  parasitic  plants  or  B^  t- 

diseases.  From  time  to  time  all  these  cause  immense  loss'^s 
to  the  tillers  of  the  soil,  since  they  appropriate  for  their  own  use 
that  which  the  farmer  and  gardener  intended  to  use  for  himself, 
for  his  family,  or  for  his  stock.  The  farmer  can  see  the  larger 
of  such  intruders,  and  can  fight  them,  frequently  with  good  re- 
sults. But  such  minute  enemies  as  rusts,  almost  invisible  as  in- 
dividual plants,  but  very  prominent  in  the  effect  of  their  united 
work  upon  our  small  grains  and  grasses,  he  can  not  fight  as 
well,  nor  can  he  greatly  lessen  the  injury  caused  by  their  pres- 
ence. In  fact  the  great  majority  of  our  farmers  do  not  even 
know  or  suspect  that  they  have  to  fight  against  living  organisms, 
against  active,  growing,  and  rapidly  multiplying  parasites;  but 
they  believe  the  rust  to  be  simply  caused  by  climatic  conditions, 
by  something  indefinable  in  the  air,  or  by  some  evil  influence  in 
the  soil  or  water.  They  simply  express  their  opinion  by  saying 
that  the  plants  are  sick ;  which  is  only  too  true,  and  sad  experience 
tells  them  that  such  sickness  will  ruin  their  bright  prospects  for  a 
rich  return  of  their  labors  in  the  grain  fields.  Rusts,  like  the 
closely  related  blights  and  smuts,  which  are  also  caused  by  lowly 
organized  vegetable  organisms,  truly  blight  the  hopes  of  all 
fanners  whose  fields  are  invaded  by  them. 

All  those  persons  who  had  observed  the  promise  of  a  big 
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yield  of  wheat  on  our  fertile  fields,  so  densely  covered  with  tl 
tall,  golden-colored  plants,  waving  in  the  bright  July  sunshin 
did  not  suspect  that  in  this  case  appearances  could  be  so  deceptiv 
but  felt  certain  that  a  bountiful  crop  would  be  harvested.  Y 
many  farmers  have  been  sadly  disappointed,  for  many  heads  ( 
wheat  are  but  poorly  filled,  or  the  kernels  are  not  as.  perfect  ( 
plump  as  they  should  be  to  bring  a  good  price.  Whoever  hi 
experienced  this  unpleasant  surprise,  should  know  that  the 
shrunken  and  shrivelled  kernels  are  caused  by  the  presence  ( 
rust,  and  especially  by  that  of  the  Black  or  Summer  Rust, 

It  is  not  necessary  to  enter  into  a  detailed  account  of  tl 
three  kinds  of  rusts  that  can  become  so  injurious  to  our  sms 
grains,  as  all  are  very  similar  in  their  general  appearance  and  the 
effects  on  the  plants.  All  are  parasites  of  the  worst  kind,  ar 
all  abstract  from  the  infested  plants  those  substances  that  wei 
taken  from  the  soil  by  the  latter  to  produce  seeds. 

The  general  belief  that  rust  comes  with  rain  after  a  very  h 
day  is  not  wrong,  only  rain  and  hot  air  are  not  directly  the  cau 
of  the  trouble,  but  act  simply  as  the  carriers  of  it.  Many  e: 
periments  have  shown  that  the  minute  bodies,  or  spores,  causii 
the  rust,  are  carried  into  the  atmosphere  from  the  infested  plan 
by  a  current  of  air  produced  by  the  unequal  expansion  of  the  a 
by  the  sun.  It  will  be  seen  that  the  air  near  the  dark  groui 
heats  up  quickly,  and  becoming  lighter  in  consequence,  rises,  ai 
in  so  doing  carries  with  it  the  loosely  attached  spores  of  tl 
parasitic  rust.  Such  spores  are  really  the  seeds  of  the  ruj 
called  by  another  botanical  term  simply  because  they  are  produo 
in  a  different  way  than  common  seeds ;  yet  they  possess  the  sar 
functions :  they  produce  new  plants.  These  spores  are  carried 
the  air  by  the  upward  current,  and  if  they  reach  a  certain  al 
tude  they  may  float  during  the  day  for  hundreds  of  miles.  Li 
balloons,  they  are  so  light  that  they  are  at  the  mercy  of  every  ct 
rent,  nor  do  they  descend  so  long  as  there  is  still  a  current  of  2 
rising  from  the  ground.  They  can  not  return  to  mother  Ear 
until  evening,  when  they  descend  with  the  heavier  humid  air,  ai 
with  the  dew.     Of  course  if  it  should  rain  during  the  day  th 
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are  brought  down  again  with  most  of  the  other  floating  impuri- 
ties in  the  air.  If  it  should  rain  hard  they  are  brought  down 
to  the  very  ground,  and  leaves  of  grain  coated  with  them  are 
washed  clean.  This  is  a  bad  thing  for  the  spores,  but  a  very  for- 
tunate occurrence  for  the  owner  of  the  plants,  as  such  spores  are 
lost  forever,  or,  what  is  as  good,  are  unable  to  cause  further 
trouble.  As  they  come  in  contact  with  the  moist  soil  they  soon 
germinate,  and  not  having  a  chance  to  reach  the  green  leaves 
or  stems  of  wheat,  etc.,  they  perish  in  a  very  few  hours. 

«\  heavy  rain  following  a  hot  day  is  therefore  of  benefit  to 
the  farmer  and  injurious  to  the  parasite.  But  if  moisture  comes 
down  as  a  fine  mist,  or  during  the  night  as  a  heavy  dew,  then  the 
spores  reach  the  leaves  and  stem  of  the  host,  i.  e.,  the  invaded 
plant,  and,  being  surrounded  by  moisture  and  warmth,  they  soon 
sprout  and  enter  the  plant. 

It  is  frequently  said  that  certain  fields  are  worse  infested  than 
others,  and  sometimes  an  explanation  is  difficult  to  find.  But 
when  we  recollect  that  on  a  very  warm  day,  without  any  wind,  the 
spores  are  simply  carried  upwards,  and  during  the  night  down- 
wards, we  may  find  an  explanation  for  the  fact  that  rust  is  al- 
ways worse  behind  wind-breaks  and  other  shelters  than  anywhere 
else,  simply  because  in  such  places  the  air  is  stagnant,  and  all 
the  spores  produced  there  are  only  too 'apt  to  lodge  again  upon 
grain  planted  in  such  sheltered  places.  Rank  plants,  caused  by 
manure  or  by  any  other  fneans,  are  also  quite  frequently  injured 
more  than  the  drier  plants  growing  elsewhere,  for  very  self-evi- 
dent reasons.  Grain  planted  early,  with  a  moderate  amount  of 
foliage,  usually  escapes  to  a  large  extent  the  rust,  while  neighbor- 
ing fields  with  a  more  rank  growth  will  suffer. 

As  this, bulletin  is  inteiided  for  general  distribution  among 
farmers  and  others  interested  in  agriculture,  or  to  people  pos- 
sessing all  degrees  of  botanical  knowledge,  it  is  rather  difficult  to 
treat  this  subject  in  a  popular  way.  In  describing  fungi,  a  family 
of  plants  to  which  rusts,  smuts,  blights,  etc.,  belong,  we  must 
necessarily  use  some  botanical  terms,  because  the  English  lan- 
guage, though  so  rich  in  words,  does  not  possessv  any  to  denom- 
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inate  the  parts  and  organs  of  such  lowly  organized  and  mien 
scopic  plants,  for  the  simple  reason  that  it  was  formed  lor 
before  the  existence  of  any  extensive  botanical  science  But  tl 
writer  will  endeavor  to  make  the  description  as  plain  as  possibl 
and  the  illustrations  will  go  far  to  assist  the  reader  in  understand 
ing  them.  The  illustrations  are,  in  part,  taken  from  a  book  I 
W.  G,  Smith,  entitled  "Diseases  of  Field  and  Garden  Crops." 

Rust  is  a  parasitic  plant  which  enters  the  host,  or  infeste 
plant,  and  there  causes  disease.  It  is  carried  by  wind  and  rai 
tut  not  caused  by  either.  To  show  how  the  spores  of  rust  kx) 
or  how  they  enter  the  hosts,  figures  i  and  2  are  given.  Fig. 
enlarged  1,000  times,  shows  two  summer  spores  (uredospores 
one  in  the  act  of  sprouting. 


X- 1000 


Pig.  1.     Uredospores  in  the  act  of  sprontingr.    Bnlarg^ed  1000  diameters. 


This  operation  can  be  studied  by  keeping  such  spores  in  mois 
air  for  a  few  hours.  Germination  takes  place  by  the  protrusioi 
of  two  germ  tubes  or  threads  of  mycelium,  one  from  each  side 
and  usually  near  the  middle,  though  sometimes  from  or  near  th 
top  of  the  spore.     The  spots  whence  the  tubes  emerge  from  th 
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spores  can  often  be  detected  even  before  germination,  as  here  the 
walls  are  weak,  as  can  be  seen  at  B  and  C.  '  At  A  one  of  the  tubes 
las  broken  through  the  walls. 


1    ' 


3(400 


c.'>' 


Pig.  2.    Two  snmmer  spores  {uredoaporea)  growing  upon  a  bit  of 
leaf.    Bnlarged  400  diameters. 

In  Fig.  2  we  see  two  summer  spores  (uredospores),  enlarged 
.00  times,  growing  upon  a  bit  of  leaf  of  wheat.  As  a  very  general 
ule  only  one  of  the  germ  tubes  grows,  while  the  second  one, 
s  seen  at  AA,  remains  short  or  inactive.  The  larger  and  stronger 
ube  keeps  on  growing  in  a  convoluted  fashion,  as  at  C,  and  in  a 
lay,  or  a  day  and  a  night,  it  has  attained  many  times  the  length  of 
he  spore  from  which  it  grew,  and  which  is  now  entirely  empty 
nd  falls  to  the  ground.  But  before  this  happens  a  partition,  or 
eptum,  has  formed,  as  at  D,  which  separates  the  living  from 
he  dead  tissue.  When  we  carefully  watch  one  of  these  slender 
;erm  tubes  under  a  microscope,  we  shall  be  greatly  surprised, 
s  it  now  looks  like  a  living  worm,  and  it  moves  or  flows  into  any 
ittle  scratch  or  depression  on  the  glass.  Now,  why  should  it  do 
o?  When  we  study  the  structure  of  a  wheat  leaf  we  will  at 
>nce  find  an  explanation.  We  find  that  it  is  the  aim  of  this  tube 
o  enter  into  the  tissue  of  the  leaf,  and  this  it  can  not  do  unless 
here  is  an  opening  provided  for  this  purpose.  And  there  are 
lany  such  openings,  namely  the  minute  mouths  of  a  leaf,  organs 
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of  transpiration,  csWed^'sfomata."  One  of  them  is  shown  a 
and  it  will  be  seen  that  the  tube  follows  the  depression  E  t 
this  opening  is  reached.  Such  stomata  are  the  lowest  point 
a  leaf  surface ;  hence  the  germ  tube  can  not  fail  to  reach  tl 
One  of  these  worm-like  tube  enters,  and  soon  disappears  i 
sight  (see  dotted  outline).  Once  inside,  it  branches  out  i 
and  left,  and  soon  ramifies  amongst  the  green  cells.  Here  it 
duces  a  plant  called  a  ''mycelium/^  composed  simply  of  fine 
delicate  threads.  In  a^  short  time  it  produces  large  number 
new  summer  spores  (uredospores),  which  break  through 
wheat  cuticle  a  short  time  afterwards,  and  on  reaching  the  sui 
form  the  well  known  rusty-brown  pustules.  The  mycelium 
a  brownish  color,  and  is  shown  in  Fig.  3,  between  the  cell 
the  wheat  leaf  at  C,  and  the  spores.  The  latter  try  to  force  \ 
way  through  the  three  mouths  or  organs  of  transpiration  J 
and  at  D,  D.  This  illustration,  which  is  a  transverse  sec 
through  the  rusty-brown  pustule  (or  sorus),  also  shows 
closely  packed* summer  spores  (uredospores).  These  are 
ported  upon  transparent  pedicles  or  stems,  as  can  be  seen  in  1 


Fio.  3.    Transverse  section   throngh  half  a  pustule  or.  sorus.     Bnlargei 
diameters. 

I  and  3,  The  spores  in  a  sorus  vary  to  some  extent  in  shape 
size,  no  two  are  exactly  alike;  still  they  vary  only  within  \ 
defined  limits. 

Early  in  summer  leaves  of  the  -wheat  plant  infested  with  tl 
parasites  show  rusty-brown  spots :  the  pustules  or  sori.     Fi 
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Pio.  4.    Pragrment  of  wheat  leaf  invaded  by  rust.     Enlarged  3  diameters. 

shows  a  small  piece  of  such  a  leaf  enlarged  three  diameters,  and 
in  Fig.  5  we  see  one  of  the  pustules  still  more  enlarged.  Here  we 
find  that  the  skin  is  niptured,  and  that  immense  numbers  of  sum- 


Pig.  5.    Ptistnles  or  sori.    Enlarged  25  diameters. 

mer  spores  are  crowded  together,  waiting  to  be  torn  off  by  the 
wind  and  to  be  carried  to  other  and  still  uninfested  parts  of  the 
same  or  other  wheat  plants. 

One  generation  of  summer  spores  (uredospores)  follows  the 
other,  and  as  long  as  the  infested  wheat  plant  can  still  furnish 
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liquid  food  there  is  no  cessation.  Sometimes  very  heavy  and 
peated  rains  will  improve  conditions  very  materially,  as  they 
apt  to  wash  off  all  the  exposed  spores,  and  thus  make  them  ha 
less.  Of  course  more  moisture  will  also  produce  fresh  and 
infested  new  foliage  on  the  top  of  the  plants.  The  writer 
even  seen  that  the  army-worms,  by  no  means  desirable  visil 
to  our  grain  fields,  were  actually  of  benefit,  as  they  devoured 
leaves,  rust  and  all,  and  thus  materially  assisted  the  plants  to 
rid  of  these  parasitic  vegetable  intruders. 

As  the  wheat  plants  ripen  and  become  dry,  no  longer  : 
nishing  liquid  food,  the  parasitic  rust-plant  is  also  forced  to  J 


y^' 


Fig.  6.    Winter  spores  or  Teleutospores.   Bnlarged  1000  diameters. 


operations  for  the  summer.    This  it  does  by  producing  diffe 
kinds  of  spores,  the  winter  spores  or  teleutospores,  two  of  w 
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are  shown  in  Fig.  6.  By  comparing  Fig.  i  and  Fig.  6  we  can  at 
once  see  a  great  diflFerence  between  these  two  kinds  of  spores,  and 
it  is  hardly  necessary  to  draw  the  attention  of  the  reader  to  them. 
Not  alone  do  they  differ  in  size,  but  it  will  be  seen  that  the  winter 
spores  are  always  united  in  twos.  Besides,  they  are  very  much 
(larker,  possessing  heavier  coats  than  the  summer  spores,  and 
for  good  reasons,  as  the  parasites  have  to  hibernate  in  this  shape. 
A  transverse  section  through  half  a  pustule  or  sorus,  as  found 
late  in  the  season,  shows  the  winter  spores  also  crowded  together, 
ready  to  force  their  way  through  the  ruptured  skin.  These  spores 
possess  larger  stems.     Such  a  section  is  shown  in  Fig.  7. 


Pio.  7.    Transverse  section  throti>(h  half  a  pustule  or  sorus.  showing^  the 
rioter  spores.     Bnlarg^ed  200  diameters. 


Now  what  becomes  of  these  winter  spores  or  teleutospores  ? 
We.  know  that  they  are  well  protected  against  the  cold  by  double 
:oats  of  thick  skins,  that  they  are  not  killed  by  frost,  and  that  they 
will  readily  germinate  the  next  spring.  We  also  know  that  there 
are  now  untold  millions  of  winter  spores  upon  the  dead  leaves 
and  stems  of  all  kinds  of  small  grains  and  grasses  in  the  infested 
regions,  and  if  these  spores  could  again  invade  the  healthy  young 
plants  the  next  spring,  it  would  be  folly  to  expect  any  of  the  latter 
to  thrive,  since  they  would  soon  be  invaded  by  the  parasites  and 
be  destroyed.  This  would  be  a  sad  state  of  affairs,  and  farming 
would  soon  have  to  cease.  For  these  reasons  it  is  important  for 
our  farmers  to  know  exactly  what  they  have  to  expect,  and  so  let 
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US  follow  the  life-history  of  these  destructive  plants  still  fur 
We  shall  see  that  the  parasites  have  an  immense  power  of 
tructiveness,  but  that  there  is  also  a  limit  to  their  continuou: 
crease.  Their  life-history  is  very  similar  to  that  of  many  1( 
organized  animal  parasites,  for  instance  to  that  of  the  nasty  1 
worms,  which  have  to  pass  through  other  animals,  and  thn 
an  entirely  different  form,  before  they  can  again  appear  as  t 
worms  in  the  human  being.  We  know  that  the  winter  spore 
not  killed  by  frost,  but  we  also  know  that  they  can  not  again  < 
the  tissues  of  grains  and  grasses,  but  that  they  have  to 


Pio.  8.    Winter  spores  (Teleutospores)  gemiinating  in  spring.     Enlarged 
diameters. 
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through  another  plant,  in  which  they  produce  an  entirely  different 
disease,  before  they  can  again  become  destructive  to  our  main  sta- 
ples, the  cereals  and  grasses. 

If  during  the  spring  we  take  a  small  knife  or  a  needle  and  re- 
move some  of  the  black  spores  found  in  the  pustules  of  the  invaded 
straw,  and  place  them  in  a  film  of  water  on  a  slide  under  a  thin 
cover-glas^,  and  keep  this  in  moist  air  under  a  bell-jar,  to  prevent 
evaporation,  we  can  observe  that  germination  usually  takes  place 
by  the  protrusion  of  a  thread  from  each  of  the  two  cells  of  the 
winter  spore.  In  Fig.  8  we  can  see  the  whole  operation.  These 
two  threads.,  the  first  produced  in  spring,  are  called  the  pro-tny- 
celiutn,  or  the  first  mycelium.  They  are  the  beginning  of  the 
cycle  which  has  for  its  last  form  the  winter  spores  or  teleuto- 
spores.  The  pro-myceFmm  is  seen  at  AA.  It  does  not  grow  to 
any  great  length,  but  after  attaining  three  to  four  times  the  length 
of  the  black  winter  spore,  it  usually  coils  round  somewhat  like  a 
shepherd's  crook.  It  produces  about  three  stops,  joints,  or  septa, 
as  at  B,  C,  D,  and  from  each  of  these  three  separate  pieces  a 
fine  branch'  is  produced;  each  bears  an  irregular,  oval, 
transparent  and  very  pale  amber-colored  spore  at  its  end,  as 
shown  in  E,  F,  G.  These  are  the  third  kind  of  spores  we  have 
found,  as  we  have  already  had  the  rusty-brown  summer  spores 
(uredospores),  the  blackish  winter  spores  (teleutospores),  and 
lastly,  the  amber-colored  spring  spores  (pro-mycelium  spores). 
These  latter  germinate  very  readily  in  a  film  of  water  on  a  glass, 
as  illustrated  at  H,  and  produce  a  fine  tube  of  mycelium. 

In  nature  the  black  winter  spores  germinate  upon  straw  as 
it  decays  on  the  ground  in  spring,  and  the  minute,  ovoid,  pale 
amber-colored  spores  are  carried  about  in  the  air  in  millions. 
But — and  this  is  the  most  important  fact  to  know — ^they  can  not 
enter  into  the  tissues  of  cereals  and  grasses,  but  have  to  pass 
through  those  of  another  plant,  a  plant  luckily  not  growing  wild 
in  our  state,  and  only  cultivated  here  and  there  for  the  sake  of 
ornament  and  the  berries  it  produces.  The  spring  spores  will  only 
grow  in  the  barberry  and  some  allied  plants.  This  has  been 
proved  over  and  over  kgain.    At  least  up  to  the  present  time  no 
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other  plants,  and  certainly  not  cereals  and  grasses,  are  knoi 
in  which  the  spores  can  grow. 

As  soon  as  such  spores  reach  the  leaf  of  a  barberry  pU 
they  sink  into  it  through  the  cells  of  the  epidermis  to  the  bo 
of  the  leaf.  They  do  not  pass  through  the  mouths  or  stoma 
In  the  leaf  they  produce  a  fungus  of  an  apparently  entirely  diflF< 
ent  character  from  that  on  the  wheat,  viz.,  the  Barberry  Bli§ 
(^  cidium  berberidis)  shown  in  Fig.  9. 


Fig.  9.     Barberry  leaven  invaded  by  ^cidium  berberidia.    Actual  site. 

The  Barberry  Blight  is  very  common  upon  this  plant  wh( 
ever  it  is  grown  in  Minnesota.  The  parasitic  aecidium  almost  i 
variably  grows  on  the  under  surface  of  the  leaves,  although  it 
sometimes  also  found  on  both  sides,  in  fact  upon  all  parts  of  t 
plant.  It  is  shown  in  Fig.  9  at  A,  A,  A,  where  it  forms  clusters 
groups  of  little  sulphur-colored  spots  imbedded  in  dark  red 
swollen  patches.  If  we  study  the  upper  surface  of  the  leaves,  \ 
find  similar  patches  more  or  less  covered  with  little  black  do 
termed  spermogones.  These  are  shown  at  B,  B,  B.  These  spert 
ogones  also  occur,  but  only  rarely,  upon  the  lower  surface.  Each ' 
them  is  very  much  smaller  than  the  point  of  a  pin,  and  on  this  a 
count  they  are  easily  overlooked ;  they  usually  appear  before-  tl 
secidium  cups.  If  we  study  both  with  a  strong  magnifying  lens  tl 
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permogones  still  look  like  small  black  spots,  but  if  we  observe 
he  secidium  clusters  we  see  companies  of  beautiful  sulphur-yellow 
lips  bursting  open  through  the  lower  surface  of  the  leaf,  and  each 
up  is  filled  with  a  yellow  powder  resenibling  small  yellow  grain. 
fo  understand  clearly  the  nature  of  these  cups  or  of  the  black 
permogone  spots  it  is  necessary  to  cut  a  section  through  the 
>arberry  leaf,  as  in  Fig.  lo.     A  represents  the  lower,     B     the 


Pio.  10.    Section  through  a  barberry  leaf,   showing  the  cups  below   and  th 
isermogones  above.    Enlarged  50  diameters. 


apper  surface  of  the  leaf,  at  C  one  of  the  little  cups  is  still  buried 
n  the  tissues  of  the  leaf.  At  DD  two  of  the  mature  cups  are 
)hown,  and  at  EEE  three  black  spermogones ;  leaves  invaded  by 
his  fungus  are  greatly  thickened,  as  may  be  seen  at  GH.  If  we 
enlarge  such  a  section  still  more  we  can  observe  the  details, 
itill  better  shown  in  figs,  ii  and  12.  In  fig.  11  a  section  through 
I  cup  of  ascidium  herberidis  is  shown.  The  lower  skin  at  B  is 
ruptured  by  the  fungus  from  within  at  CD.  The  fine,  almost 
granular  mycelium  from  which  the  fungus  springs  is  shown  at 
the  top  at  D.  It  creeps  amongst  the  intercellular  spaces  at  E.  The 
3uter  coat  of  the  cup,  consisting  of  ,a  single  layer  of  transparent, 
five-sided  cells,  is  shown  at  FF,  and  the  sulphur-yellow  spores 


.■'• 


1:1 1 

I: 

... 


Digitized  by  VjOOQIC 


548 


THE  BLACK  RUST. 


'I 


XI50 


^  ^» 


Fig.  11.     Section    through    a  'cup    of  Aicidiam    berberidis.      Enlarged   15 
diameters. 


lint 


Fio.  12.    Section  through  a  Spermogonium,    Enlarged  80O  diameters. 
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hanging  in  chains  from  the  open  cup,  at  G.  These  spores  drop 
as  soon  as  ripe,  and  others,  which  are  continuously  produced,  take 
their  places. 

A  similar  action  takes  place  in  the  spermogonia  upon  the  upper 
surface  of  the  leaf.  Here  the  mycelium  gradually  approaches  the 
upper  surface  through  the  intercellular  spaces.  When  near  the  sur- 
face it  forms  minute  knots,  similar  to  the  cups  upon  the  under 
surface  of  the  leaf,  but  differing  in  an  important  particular,  i.  e., 
the  secidium  cup  grows  from  the  base  of  the  spermogonium  by 
I  constant  protrusion  of  new  .threads  from  the  circumference  to 
the  center.  The  spermogonium,  which  means  a  flask  or  case 
:ontaining  spermatid,  contains  large  numbefs  of  these  extremely 
minute  bodies,  which  possess  the  functions  of  pollen  in  higher 
)rganized  flowers.  A  ripe  spermogonium  is  shown  in  Fig.  12,  and 
I  singled  aecidium  spore  in  Fig.  13.    Attached  to  it  are  four  sperm- 
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Fio.    13. 
liameters. 


Germinating^     spores    of    ^cidiam    Berberidia,      Bnlarged     1000 


itia  from  the  spermogones.  They  are  the  male  element,  and  are 
grains  similar  to  the  pollen  which  we  find  so  frequently  glued  to  a 
stigma.  These  spores  grow  rather  slowly  by  protruding  a 
mycelial  thread  in  a  convoluted  fashion  from  one  of  about  six 
weak  spaces  on  the  surface  of  the  spore ;  in  this  mycelial  thread 
the  vital  material  of  the  spore  enters,  leaving  the  latter  dry  and 
empty. 

In  ancient  times  diseases  caused  by  rust  seem  to  have  been 
widely  distributed  and  to  have  caused  great  losses.  They  were 
consequently  much  feared,  and  as  they  stood  under  the  special 
protection  of  two  deities,  Robigus  and  Robigo,  festivals  were 
held  to  pacify  them  so  that  they  would  avert  the  disease.  Such 
festivals  were  called  Robigalia.     A  modern,  and  no  doubt  more 
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successful  way  to  partly  prevent  injuries  caused  by  rusts,  bui 
especially  by  the  Black  Rust  or  Summer  Rust,  is  to  preveni 
the  latter  from  wintering  in  our  state.  And  to  do  so  is  not  ver] 
difficult.  All  that  is  necessary  is  to  permit  no  barberry  to  gro^ 
anywhere  near  the  grain  fields.  The  experience  of  last  seasoi 
has  clearly  demonstrated  the  fact  that  barberries  communicat< 
the  Black  Rust  to  the  wheat,  and  that  neighborhoods  in  whicl 
these  plants  are  permitted  to  grow  are  always  badly  infestec 
by  this  disease,  more  than  any  other  place,  and  that  the  disease 
spreads  from  such  centers  to  the  whole  region.  By  destroying 
such  breeding  places  of  the  Black  Rust  we  do  not  entirely  preven 
this  disease,  but  our  fields  will  not  be  infested  by  i 
early  in  the  season,  and  only  much  later  from  spores  coming 
with  the  wind  from  the  south.  Every  farmer  should  insist  upor 
this :     Nez'er  permit  barberries  to  grow  near  a  grain  Held. ' 
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This  destructive  insect  has  again  caused  considerable  losses 
0  the  farmers  of  Minnesota,  and  seems  to  have  found  a  per- 
nanent  home  in  the  western  counties,  extending  from  Jackson, 
Cottonwood  and  Pipestone  counties  in  the  south  to  the  entire 
Red  River  Valley  in  the  north.  Even  parts  of  Manitoba  have 
)een  invaded.  It  has  been  especially  injurious  in  the  Red  River 
Galley,  causing  losses  from  5  to  25  per  cent  on  many  farms.  A 
arge  area  is  again  badly  infested,  and,  what  is  worse,  there  seem  to 
ye  but  very  few  parasites  to  assist  us  against  this  enemy.  It  stems 
hat  the  abundant  rains  early  in  spring  assisted  this  insect  very 
naterially,  as  it  is  a  being  that  loves  cold  and  wet  seasons,  and 
lot  like  the  equally  destructive  chinch  bug,  dryness  and  warmth, 
rhe  damage  in  many  places  was  quite  serious,  and  close  atten- 
:ion  on  the  part  of  farmers  is  required  to  prevent  still  more 
jerious  losses  in  the  future. 

The  history  of  the  Hessian  Fly  (Cecidomyia  destructor  Say) 
n  more  southern  and  eastern  regions  of  the  United  States  is 
)riefly  as  follows :  There  are  ordinarily  two  broods  or  genera- 
:ions,  which  appear  during  May  and  June,  and  later  during 
September  and  October.  .  The  fly  is  a  small,  two-winged  insect^ 
•esembling  somewhat  a  mosquito,  dusky  in  color,  and  about  one- 
eighth  of  an  inch  in  length.  The  male  is  very  slender,  and  the 
female,  when  ready  to  deposit  her  eggs,  a  little  stouter.  The 
iggs,  oval  and  bluntly  pointed  at  each  end,  are  about  one-fiftieth 
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of  an  inch  long,  and  of  a  dull  reddish  color.  They  an 
singly,  or  two  or  three  in  a  cluster,  on  the  upper  surface  of  2 
Some  years  ago  a  female  fly,  just  leaving  the  puparium,  wa 
sected,  and  238  eggs  were  found  in  her,  which  j 
how  rapidly  this  pest  can  increase  if  conditions  are 
favorable.  As  soon  as  the  young  white  niaggot  hatches,  it  ^ 
its  way  downward  inside  the  sheaths  to  feed  iipuu  Lhe  ^ua 
tissue  at  the  base  of  the  stalk.  In  the  autumn  they  usual 
beneath  the  surface  of  the  soil,  but  in  the  spring  more 
stop  just  above  the  surface,  at  or  near  the  lower  joints. 
larvae,  or  maggots,  feed  there  until  ready  to  change  to  the  pi 
flax  seed  stage,  which  is  assumed  between  the  sheath  an 
•  stem.  The  flax  seed  stage  takes  its  name  from  the  great  r 
blance  between  the  puparium  and  the  seed  of  flax  in  size, 
and  form.  This  little  seed-like  object  is  nothing  but  the  ok 
of  the  maggot  shrunken,  hardened  and  colored  brown;  it 
tains  the  true  pupa,  from  which  issues  the  perfect  fly  at  c 
the  periods  mentioned  before.  The  presence  of  the  pupariu 
*'flax-seed,"  can  usually  be  detected  by  the  breaking  down  < 
stem  at  the  point  where  it  is  found.  This  breaking  down  i 
to  the  weakening  of  the  stem,  which  has  its  interior  part! 
stroyed  by  the  maggot ;  and  as  this  takes  place  at  about  th< 
that  the  ear  of  wheat  forms,  and  before  harvest,  nearly  t 
•infested  stalks  remain  on  the  ground,  not  being  cut  by  thi 
vester;  and  the  presence  of  the  fly  is  at  this  time  noticed  e^ 
non-observant  farmers.  As  the  maggots  and  the  flax-see^ 
not  readily  detected  except  by  a  careful  search  with  a 
the  numerous  uncut  straws  upon  the  ground  are  frequent 
plained  by  the  occurrence  of  a  slight  hailstorm,  lack  of  s 
in  the  straw,  too  much  moisture,  or  by  what  not. 

The  different  stages  of  the  Hessian  fly  are  shown  in  Fig. 

The  insect  is  double  brooded  in  more  southern  place 
there  may  be  adult  individuals  found  at  any  time  betwe< 
two  broods,  not,  however,  in  great  numbers.  Such  indiv 
mature  in  wheat  sown  out  of  season,  or  else  in  volunteer  } 

In  more  southern  states  the  following  remedies  are  of  ' 
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Fig.  14.  Hessiau  Fly.  1,  adult  female;  2,  male  abdomen;  3,  pupa  removed 
om  flax  seed;  *,  flax  seed;  5,  larva  or  magrgot ;  7,  flaxseed  in  position.  All  cu- 
rged  with  the  exception  of  7. 

"hey  are  here  simply  given  as  furnishing  suggestions  to  our  far- 
lers : 

Late  Soxving  of  Fall  Wheat — This  furnishes  the  fall  brood, 
hich  issues  in  September  and  early  October,  nothing  upon 
hich  to  deposit  its  eggs,  or  if  deposited,  it  is  too  late  for  the 
Tvae  to  burrow  to  a  safe  place  in  the  stem  to  pass  the  winter. 
Burning  the  Stubbles  has  been  found  to  destroy  many  of  the 
laggots  and  the  ''flax-seeds." 

Rotation  of  Crops  often  leaves  the  adults  without  wheat  plants 
1  which  to  deposit  eggs,  so  that  when  wheat  is  again  sown  the 
ies  arc  all  dead  in  that  vicinity.  It  is  a  process  of  starving  them 
It. 

Pasturing  Early  Sozvn  Wheat  in  the  Fall  is  likely  to  destroy 
rge  numbers  of  maggots  and  "flax-seeds." 
The  Hessian  Fly  is  now  common  almost  throughout;  the 
estern  portion  of  our  state,  and  not  alone  in  the  more  southern 
►unties,  where  both  winter  and  spring  wheat  is  grown.  It  is 
ost  abundant,  however,  in  the  Red  River  Valley,  where  only 
iring  w^heat  is  grown,  and  it  is  difficult  to  understand  how  this 
sect  can  exist  under  such  conditions.     If  it  was  single-brooded 
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an  explanation  would  be  simple,  and  it  almost  seems  as  if  t 
was  the  case,  as  the  writer  has  thus  far  not  been  able  to  obt 
winged  flies  from  puparia  collected  early  in  September,  witl 
single  exception,  as  one  Hessian-fly  issued  Aug.  22  from 
fested  straw  obtained  from  St.  HHaire,  Minn.  Immense  nt 
bers  of  puparia  from  many  parts  of  the  state  have  been  kept  un 
the  most  suitable  conditions  ia  breeding-cages,  glasses,  boxes,  e 
etc.,  yet  only  one  fly  issued,  besides  numerous  parasites.  T 
seems  to  indicate  that  the  flies  do  not  usually  issue  during  the ; 
tumn,  but  remain  in  the  straw  until  spring.  Another  obser 
tion,  though  not  a  proof  that  there  is  no  fall  brood,  is  the  f 
that  no  larvje  or  puparia  could  be  found  in  volunteer  plants 
wheat  growing  near  fields  which  had  been  badly  infested. 

It  is  very  important  to  know  in  what  condition  the  Hess 
fly  winters.  If  in  the  "flax-seed"  stage,  which  seems  to  be 
case,  then  a  remedy  is  very  simple  and  inexpensive.  The  ins 
being  found  in  the  first  joint  of  the  stem,  or  very  near  it,  is 
that  portion  of  the  plant  that  remains  in  the  stubble  field,  or 
not  carried  away  in  the  bundles.  Hence  the  insect  can  be  < 
stroyed  with  the  stubbles.  In  some  cases  it  is  possible,  by  cutti 
the  plants  in  such  a  manner  that  combustible  material  is  left, 
burn  over  the  field,  and  thus  destroy  all  the  intruders.  But 
this  can  not  be  done  plozmng  is  an  excellent  remedy.  This  shoi 
be  done  as  soon  as  possible  after  harvesting.  The  flies,  ever 
they  should  issue  during  September  or  October,  can  not  reach 
surface  of  the  plowed  fields,  as  they  are  weak  and  unable  to  pe: 
trate  a  thickness  of  several  inches  of  soil.  They  are  kept  pris( 
ers  and  have  to  perish.  The  parasites,  however,  which  may 
found  in  some  of  the  puparia,  have  but  little  difficulty  of  escapii 
hence  plowing  at  the  proper  time,  i.  e.  soon  after  harvesting,  \ 
destroy  our  enemies  and  protect  our  friends. 

The  Hessian  fly  is  the  prey  of  many  parasites,  and  in  18 
when  this  noxious  insect  first  caused  serious  injury  in  Minnesc 
these  beneficial  insects  helped  to  such  an  extent  as  to  alm< 
stamp  out  the  intruders.  The  many  specimens  of  infested  str 
received  this  autumn  do  not  reveal  the  presence  of  many  parasi 
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nd  only  straw  obtained  from  near  Crookston  contained  some. 
)f  course  more  parasites  will  be  at  work  than  could  be  decided 
rom  the  material  received,  but  the  outlook  is  by  no  means  as 
opeful  as  it  was  in  1896 ;  hence  farmers  should  not  depend  upon 
le  assistance  of  parasites,  but  should  assist  themselves  by  plow- 
ig  all  stubble  fields  as  soon  as  ever  they  can,  and  especially  those 
lat  they  know  contained  Hessian  flies  and  Frit  flies. 


Fig.  Iff.  Hessian  Fly.  At  the  r'ght.  tDree  puparia  (a)  exposed ;  at  the  left, 
ipazitim  (a)  and  the 'manner  in  which  straws  bend  and  break.  Enlarged, 
riginal. 

As  many  farmers  have  never  seen  the  "flax-seeds"  the  illus- 
*ation  (Fig.  15)  has  been  prepared,  which  will  assist  them  to 
etect  their  hidden  foe. 

In  the  following  illustrations  those  parasites  are  shown  which 
re  at  present  most  numerous  and  of  great  assistance.  They  are 
11  very  minute,  and  not  apt  to  be  seen.  But  those  interested  in 
ich  matters  can  easily  decide  for  themselves  whether  such  para- 
tes  are  present  or  not.  All  they  have  to  do  is  to  keep  a  few 
ieces  of  straws  containing  the  "flax-seeds"  of  the  Hessian  flies 
I  a  bottle.  If  parasites  are  present  they  soon  show  themselves 
^  eating  round  holes  from  the  infested  flax-seeds  to  the  outside 
f  the  straws,  and  they  can  be  seen  as  dark  and  very  active  minute 
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objects,  constantly  running  about  as  if  in  search  of  new  en< 
to  conquer. 

Three  different  species  of  parasites  have  been  observed 
far.     Two  of  the  adult  parasites  are  shown  in  the  illustra 


Pig.  16.    Pemale  of  Meriaua  destructor.  Lag.    Enlarged.    Original. 


Fig.  17.    Male  of  Bupelmua  Allynli,  French.    Enlarged.    Original. 

Fig.  i6  represents  a  female  of  the  most  common  parasite  (j 
sus  destructor  Say),  and  Fig.  17  the  male  of  Eupelmus  a 
French).  The  female  of  the  latter  occurs  both  with  and  wi 
wings.  A  third  parasite  (Polygnotus  hiemalis  Forbes)  waj 
raised.  It  is  very  small,  and  six  of  these  minute  beings  foun< 
ficient  food  to  pass  through  all  their  metamorphoses  in  a  J 
puparium  of  the  Hessian  fly.    In  Fig.  18  is  shown  the  brok< 
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Fio.  18.    Pnparium  of  Hessian  fly,  with  six  cocoons  of  a  parasite, 
ri^nal. 


Bnlarsred. 


ulm,  the  puparium  of  the  Hessian  fly,  and  the  six  small  cocoons 
f  this  minute  parasite  still  fastened  to  it. 


■ 
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It  IS  well  known  to  all  farmers  and  others  engaged  in  gro^ 
grain,  vegetables  and  fruit,  that  locusts  are  among  the  worst 
mies  they  have  to  combat,  and  especially  the  migratory  kind 
these  usually  occur  in  vast  armies.  Our  state  is  so  situated 
armies  of  such  devouring  insects  can  be  expected  from  tin 
time,  and  it  is  well  to  be  always  prepared  for  such  a  visit.  Tl 
especially  true  at  this  time,  when  two  of  the  worst  kinds,  the  R 
Mountain  Locust  {Melanoplus  spretus,  Uhl.)  and  the  Lesser 
gratory  Locust  (Melanoplus  atlanis,  Ril.),  have  already  rea 
our  state  in  small  swam>s.  The  former,  if  not  actually  in 
state  in  large  numbers,  is  very  close  to  it.  The  latter  is 
tributed  over  many  portions  of  the  state  and  a  third,  the  Cam\ 
pellucida  Scudder,  seems  to  be  also  coming  from  the  Northi 
None  of  them  have  as  yet  caused  much  damage  to  our  crops 
may  do  so  next  year  if  no  steps  are  taken  to  prevent  it.  Mar 
our  common  native  species  have  also  become  very  numerous, 
have  caused  considerable  damage  in  isolated  cases. 

In  the  First  Annual  Report  of  the  U.  S.  Entomological  ( 
mission  we  can  find  an  excellent  description  of  the  destru 
power  of  locusts,  and  many  of  our  farmers  know  to  their  cost 
correct  this  description  is.  No  one  who  has  not  witnessed 
ravaging  power  of  locusts  can  fully  conceive  of  or  appreciai 
The  organization  and  habit  of  the  typical  locust  admirably 
for  ravenous  work.     Muscular,  gregarious,  with  powerful  j 
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and  ample  digestive  and  reproductive  systems;  strong  of  wing 
and  assisted  in  flight  by  numerous  air  sacs  that  buoy — all  these 
traits  conspire  to  make  it  the  terrible  engine  of  destruction  which 
history  shows  .it  to  have  been  under  conditions  favorable  to  its 
excessive  multiplication.  Insignificant  individually  but  mighty 
:ollectively,  locusts  fall  upon  a  country  like  a  plague  or  a  blight, 
rhe  fanner  plows  and  plants.  He  cultivates  in  hope,  watching 
lis  growing  grain,  in  graceful,  wave-like  motion  wafted  to  and 
tro  by  the  warm  summer  winds.  The  green  begins  to  golden ; 
he  harvest  is  at  hand.  Joy  lightens  his  labor  as  the  fruit  of 
>ast  toil  is  about  to  be  realized.  The  day  breaks  with  a  smiling 
;un  that  sends  his  ripening  rays  through  laden  orchards  and  prom- 
sing  fields.  Kine  and  stock  of  every  sort  are  sleek  with  plenty, 
ind  all  the  earth  seems  glad.  The  day  grows.  Suddenly  the  sun's 
'ace  is  darkened,  and  clouds  obscure  the  sky.  The  joy  of  the 
nom  gives  way  to  ominous  fear.  The  day  closes,  and  ravenous 
ocust-swarms  have  fallen  upon  the  land.  The  morrow  comes, 
ind  oh !  what  a  change  it  brings !  The  fertile  land  of  promise  and 
)lenty  has  become  a  desolate  waste,  and  old  Sol,  even  at  his 
brightest,  shines  sadly  through  an  atmosphere  alive  with  myriads 
>f  glittering  insects.  Falling  upon  a  cornfield,  the  insects  convert 
n  a  few  hours  the  green  and  promising  acres  into  a  desolate 
tretch  of  bare,  spindling  stalks  and  stubs.  Covering  each  hill 
)y  hundreds;  scrambling  from  row  to  row  like  a  lot  of  young 
amished  pigs  let  out  to  their  trough;  insignificant  individually, 
>ut  mighty  collectively,  they  sweep  clean  a  field  quicker  than 
vould  a  whole  herd  of  hungry  steers.  Imagine  hundreds  of 
quare  miles  covered  with  such  a  ravenous  horde,  and  one  can 
l^et  some  realization  of  the  picture  presented  in  many  parts  of 
he  country  west  of  the  Mississippi  during  years  of  locust  inva- 
ions.  Their  flight  may  be  likened  to  an  immense  snow-storm, 
:xtending  from  the  ground  to  a  height  at  which  our  visual  or- 
^ns  perceive  them  only  as  minute,  darting  scintillations,  leav- 
ng  the  imagination  to  picture  them  indefinite  distances  beyond. 
t  is  a  vast  cloud  of  animated  specks,  glittering  against  the  sun. 
Dn  the  horizon  they  often  appear  as  a  dust  tornado,  riding  upon 
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the  wind  Kke  an  ominous  hail  stonn,  eddying  and  whirling  aboi 
like  the  wild,  dead  leaves  in  an  autumn  storm,  and  finally  Bwcq 
ing  Up,  to,  and  past  you  with  a  power  that  is  irresistible.  The 
move  mainly  with  the  wind,  and  when  there  is  no  wind  the 
whirl  about  in  the  air  like  swarming  bees.  If  a  passing  swan 
suddenly  meets  with  a  change  in  the  atmosphere,  such  as  the  a| 
proach  of  a  thunder  stonn  or  a  gale  of  wind,  they  come  dow 
precipitately,  seeming  to  fold  their  wings,  and  fall  by  the  fon 
of  gravity.  At  other  times,  in  alighting,  they  circle  in  myriac 
about  you,  beating  against  everything  animate  or  inanimate 
driving  into  open  doors  and  windows ;  heaping  about  your  f e 
and  aroimd  your  buildings ;  their  jaws  constantly  at  work  bitin 
and  testing  all  things  in  seeking  what  they  can  devour.  In  tt 
midst  of  the  incessant  buzz  and  noise  which  such  a  flight  pn 
duces,  in  the  face  of  the  unavoidable  destruction  everywhei 
going  on,  one  is  bewildered  and  awed  at  the  collective  power  < 
the  ravaging  host,  which  calls  to  mind  so  forcibly  the  plagues  ( 
Egypt.  The  noise  their  myriad  jaws  make  when  engaged  i 
their  work  of  destruction  can  be  realized  by  any  one  who  hj 
fought  a  prairie  fire,  or  heard  the  flames  passing  along  before 
brisk  wind,  the  low  crackling  and  rasping — the  general  effe 
of  the  two  sounds  is  very  much  the  same.  Nothing,  howeve 
can  surpass  the  prophet  Joel's  account  of  the  appearance  an 
ravages  of  these  insects. 

"Onward  they  come,  a  dark,  continuous  cloud 

Of  congregated  myriads  numberless, 

The  rushing  of  whose  wings  was  as  the  sound 

Of  a  broad  river,  headlong  in  its  course 

Plunged   from  a  mountain   summit,  or  the   roar 

Of  a  wild  ocean  in  the  autumn  storm, 

Shattering  its  billows  on  a  shore  of  rocks." 

— Southey. 

As  a  full  account  of  the  three  species  has  been  given  in 
number  of  bulletins,  some  of  which  can  still  be  had  by  applyin 
for  them  at  the  office  of  the  Experiment  Station  in  St.  Anthon 
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Park,  it  is  not  necessary  to  repeat  it  here.  The  three  kinds,  as 
well  as  two  of  our  mogt  common  and  destructive  native  kinds, 
have  been  illustrated  in  Plates  III  and  IV,  as  well  as  in  the  text,  so 
that  a  little  study  of  these  illustrations  will  enable  t)ur  farmers  to 
make  certain  which  of  these  enemies  they  have  to  combat. 

At  the  present  time  only  one  remedy  can  be  applied,  which 
depends  entirely  upon  the  way  in  which  these  locusts  deposit  their 
eggs,  and  for  this  reason  a  chapter  printed  in  the  3rd  Annual 
Report  of  the  Entomologist  is  repeated. 

HOW   LOCUSTS   DEPOSIT   THEIR   EGGS,. 

It  is  very  important  to  know  the  manner  and  localities  in 
which  eggs  are  laid  by  the  different  kinds  of  locusts,  because 
the  only  true  and  always  successful  remedy  depends  almost  entirely 
upon  this  knowledge.  In  former  papers  the  method  of  laying 
eggs  by  the  Rocky  Mountain  Lx)cust  was  discussed,  but  it  is 
best  to  repeat  and  enlarge  upon  what  was  written  at  that  time. 
The  following  figures  will  illustrate  the  method  of  egg-laying 
better  than  words.  The  holes  for  the  reception  of  the  eggs  are 
made  by  means  of  two  pairs  of  homy  valves  at  the  tip  of  the 
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Pig.  20.— Rocky  Mountain  Locnit— a.anal  characters  of  female  ihowlngrhomy 
valvcB,  b,  and  c.    (After  Riley). 


abdomen  of  the  female  (Fige.  20,  b  and  c).  These  open  and  shut 
rapidly,  and  are  well  adapted  to  execute  this  function.  The 
female,  pressing  the  tip  of  her  abdomen  forcibly  against  the 
soil,  rapidly  opens  and  shuts  these  hard  and  pointed  valves,  and 
soon  pushes  them  into  the  ground,  thus  drilling  a  hole.  Fig.  21 
illustrates  this  action,  and  the  various  positions  assumed  by  the 
females  are  plainly  indicated.      In  a  short  time  nearly  the  entire 
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Fig.  21  .—Roclcy  Mono  tain  Lrocnst,  in  the  act  of  laying  eggs.     (After  Rilei 

and  greatly  extended  abdomen  is  inserted  in  a  little  curved 
more  or  less  oblique  cavity.  The  legs  are  hoisted  above  the 
during  the  operation  of  drilling  this  hole,  which  requires  r 
or  less  time,  depending  entirely  upon  the  condition  and  c 
acter  of  the  soil.  As  soon  as  the  hole  is  finished,  it  is  1 
with  a  frothy  and  mucous  material.  Professor  Riley,  in  des( 
ing  the  method  of  laying  eggs,  writes:  "By  repeatedly 
tracting  and  studying  specimens  in  every  stage  of  oviposi 
we  have  been  able  to  ascertain  the  exact  method  by  which 
egg-mass  is  formed,  If  we  could  manage  to  watch  a  fei 
from  the  time  the  bottom  of  her  hole  is  moistened  by  the  s€ 
fluid,  w^e  should  see  the  valves  all  brought  together,  whei 
egg  would  pass  down  the  oviduct  along  the  ventral  side, 
guided  by  a  little  finger-like  style,  pass  in  between  the  h 
valves,  and  issue  at  their  tips  amid  the  mucuous  fluid  air 
spoken  of.  Then  follows  a  period  of  convulsions  during  w 
more  mucous  maferial  is  elaborated,  until  the  whole  end  of 
body  is  bathed  in  it,  when  another  egg  passes  down  and  is  pi 
in  position.  These  alternate  processes  continue  until  the 
complement  of  eggs  are  in  place,  the  number  ranging  i 
twenty  to  thirty-five,  but  averaging  about  twenty-eight, 
mucous  matter  binds  all  the  eggs  in  a  mass,  and  when  the 
is  laid,  the  mother  devotes  some  time  to  filling  up  the  S( 
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what  narrower  neck  of  the  burrow  with  a  compact  and  cellular 
mass  of  the  same  material,  which,  though  Hght  and  easily  pene- 
trated, is  more  or  less  impervious  to  water,  and  forms  a  very 
excellent  protection.  When  fresh  the  mass  is  soft  and  moist,  but 
it  soon  acquires  a  firm  consistency." 

To  a  casual  observer  the  eggs  of  our  locust  appear  to  be 
thrust  indiscriminately  into  the  hole  made  for  their  reception. 
A  more  careful  study  of  the  egg-mass,  or  egg-pod,  will  show, 
however,  that  the  female  took  great  pains  to  arrange  them, 
not  only  so  as  to  economize  as  much  space  as  possible,  consist- 
ent with  the  form  of  each  egg,  but  so  as  to  best  facilitate  the 
escape  of  the  yoimg  locust;  for  if,  from  whatever  cause,  the 
upper  eggs  should  fail  to  hatch,  or  should  hatch  later  than  the 
lower  ones,  the  former  would  offer  an  impediment  to  the  exit 
of  the  young  in  their  endeavor  to  escape  from  these  last,  were 
there  no  provision  against  such  a  possibility.  The  eggs  are, 
indeed,  most  carefully  placed  side  by  side  in  four  rows,  each  row 
containing  seven.  They  oblique  a  little  cross-wise  of  the  cylin- 
der (Fig.  22,  a).     The  posterior,  or  narrow  end,  which  issues  first 


r. 


Pig.  22. — B^s-mass  of  Rockr  Motmtain  Locust— a,  from  the  side,  within  bar- 
row; fr,  from  beneath;  c,  from  above;  enlarged.     (After  Riley). 


from  the  oviduct,  is  thickened  and  generally  shows  two  pale 
rings  around  the  darker  tip  (Fig.  22,  ft).  This  is  pushed  close 
against  the  bottom  of  the  burrow,  which,  being  cylindrical,  does 
not  pennit  the  outer  or  two  side  rows  to  be  pushed  quite  as  far 
down  as  the  two  inner  rows,  and  for  the  very  same  reason  the 
upper  or  head  ends  of  the  outer  rows  are  necessarily  bent  to  the 
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same  extent  over  the  inner  rows,  the  eggs  when  laid  b 
somewhat  soft  and  plastic.  There  is  consequently  an  irreg 
channel  along  the  top  of  the  mass  (Fig.  22,  c),  whidi  is  filled 
with  the  same  frothy  matter  that  surrounds  each  egg,  w 
matter  occupies  all  the  space  in  the  burrow  not  occupied  by 
eggs.  The  whole  plan  is  seen  at  once  by  a  reference  to  the 
companying  figure,  which  represents,  enlarged,  a  side  view  of 
mass  within  the  burrow  (a)  and  a  bottom  (b)  and  top  view 
of  the  same,  with  the  earth  which  adheres  to  it  removed. 

Each  female  of  the  Rocky  Mountain  locust  lays  on  an  avei 
about  three  egg-masses ;  this  is  done  at  intervals  of  two  w€ 
so  that  the  egg-laying  season  extends  through  six  to  eight  w€ 


Fig.  23. — Bgg  of  Rocky  Moantaia  Locust — a,  showing  sculpture  of  outer ! 
b,  the  same  very  highly  magnified;  c,  the  embryo,  just  before  hatching.  ( 
Riley  j. 

The  tgg  is  surrounded  by  a  shell- consisting  of  two  layen 
which  the  outer  one  is  tliin,  semi-opaque,  thus  producing 
creamy  yellow  color;  highly  magnified  it  appears  (Fig.  23, 
densely   and   minutely   pitted   or   rather   marked   by  hexag* 
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concavities  (Fig,  23,  b).  The  inner  and  thidcer  layer  is  deep 
jeHow>.  smooth  and  translucent,  so  that  the  form  of  the  embryo 
-<^n  be  plaiinly  seen  when  maturing  inside.  The  outer  layer  is 
quite  brittle,  but  the  inner  one  very  tough,  requiring  a  strong 
pressure  to  rupture  it.  As  the  embryo  within  matures  (Fig.  23,  c), 
the  egg-shell  becomes  weakened,  and  the  egg  plump  and  some- 
what more  transparent.  By  the  muscular  efforts  of  the  en- 
closed insects,  but  chiefly  by  thorns  arming  the  hind  tibiae,  (Fig. 
23,  e),  the  shell  is  eventually  broken,  and  the  young  locust  pushes 
its  way  through  the  neck  of  the  burrow  towards  the  light. 

Nearly  all  the  eggs  in  a  pod  hatch  at  the  same  time,  and  the 
young  escape  through  the  small  hole  left  for  this  purpose.  When 
the  young  insect  reaches  the  surface  it  is  quite  weak,  and  still 
surrounded  by  a  very  delicate  film,  which  has  to  be  first  removed 
before  the  young  locust  can  jump  about.  By  contracting  and 
expanding  muscular  movements  this  enveloping  film  splits  along 
the  middle  of  the- back,  near  the  head,  and  is  gradually  pushed 
backwards,  remaining  as  a  white  crumpled  pellet  behind.  At 
first  pale  and  colorless,  the  young  locust  assumes  its  dark  color 
in  the  course  of  an  hour. 

From  this  account  of  the  hatching  process,  we  can  readily 
understand  why  the  female  in  ovipositing  prefers  compact  or  hard 
soil  to  that  which  is  loose.  The  harder  and  less  yielding  the 
walls  of  the  burrow,  the  easier  will  the  young  locust  crowd  its 
way  out. 

Though  the  covering  which  envelops  the  little  animal 
when  first  it  issues  from  the  egg  is  quite  delicate,  it  nevertheless, 
in  the  struggles  of  hatching,  undoubtedly  affords  much  protec- 
tion, and  it  is  an  interesting  fact  that  while,  as  we  have  seen, 
it  is  shed  within  a  few  minutes  of  the  time  when  the  animal 
reaches  the  free  air,  it  is  seldom  shed,  if,  from  one  cause  or 
another,  there  is  a  failure  to  escape  from  the  soil,  even  though 
the  young  locust  may  be  struggling  for  days  to.  effect  an  escape. 

While  yet  enveloped  in  this  pellicle,  the  animal  possesses 
great  forcing  and  pushing  power,  and  if  the  soil  is  not  too  com- 
pact, will  frequently  force  a  direct  passage  through  the  same  to 
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the  surface,  as  indicated  by  the  dotted  lines  (Fig.  22,  e),  but  i 
soil  is  at  all  compressed  it  can  make  little  or  no  headway  e; 
through  the  appropriate  channel  (Fig.  22,  d).  While  cr 
ing  its  way  out,  the  'antennae  and  four  front  legs  are  he 
much  the  same  positon  as  within  the  egg,  the  hind  legs  1 
generally  stretched.  But  the  members  bend  in  every  cor 
able  way,  and  where  several  insects  are  endeavoring  to 
through  any  particular  passage,  the  amount  of  squeezing 
crowding  they  will  endure  is  something  remarkable.  Yet 
chance  the  protecting  pellicle  is  worked  off  before  issuing 
the  ground,  the  animal  looses  all  power  of  further  forcin 
way  out.  The  instinctive  tendency  fo  push  upwards  is  als 
markable.  In  glass  tubes,  in  which  eggs  were  hatched  in  ord 
watch  the  young,  these  last  would  always  turn  their  heads 
push  towards  the  bottom  whenever  the  tubes  were  turned  n 
downwards;  while  in  tin  boxes,  where  the  eggs  were  plao 
different  depths  in  the  ground,  the  young  never  descend; 
when  they  were  unable  to  ascend  on  account  af  the  compac 
of  the  soil  above. 

The  above  minute  account  of  the  manner  in  which  egg 
laid,  and  how  the  young  are  enabled  to  reach  the  surface,  pi 
indicates  one  good  method  by  which  the  hatching  of  the 
may  either  be  prevented  entirely,  or  by  which  the  young  mi 
prevented  from  reaching  the  surface.  By  plowing  the  fields 
taining  eggs  of  the  Rocky  Mountain  locust,  we  perform 
operations :  first  of  all  we  remove  the  eggs  from  near  the  sui 
and  cover  them  with  five  or  six  inches  of  soil;  secondly,  w 
vert  the  position  of  the  hole  containing  the  egg-mass,  so  tha 
stead  of  its  mouth  pointing  upwards,  it  now  points  downw; 
At  all  events,  the  young  insects  are  prevented  from  reaching 
surface,  if  this  becomes  compacted  by  rain  and  snow.  Cc 
quently  if  we  plow  during  autumn  or  soon  after  the  eggs 
laid  we  are  safe ;  although  if  we  plow  in  the  spring  with  a  no 
amount  of  rain,  we  also  effectually  prevent  their  hatching.  P 
ing  has  this  additional  advantage:  the  egg-masses  in  n 
cases  are  thoroughly  broken  up,  the  individual  eggs  become 
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rounded  by  earth  and  moisture,  and  being  no  longer  protected 
by  the  water-proof  coat  of  dried  mucous  matter,  they  soon  rot  and 
perish. 

The  Lesser  Migratory  Locust  lays  its  -eggs  in  essentially  the 
same  manner.  It  always  prefers,  however,  old  stubble  fields,  bare 
spots  in  timothy  fields,  and  neglected  and  dry  pastures.  In  other 
words,  well  drained  spots  free  of  vegetation,  and  consequently 
soils  free  of  roots,  are  preferred. 

The  Pellucid  Locust  has,  in  Minnesota,  different  habits  as  far 
as  egg-laying  i^  concerned.  In  the  Western  States  it  deposits 
eggs  exactly  like  spreUis  and  atlanis.  The  females  of  the  Pellu- 
cid Locusts  commence  to  deposit  their  eggs  about  the  end  of  July, 
usually  at  least  fourteen  days  later  than  the  other  migratory 
kinds.  Their  method  of  doing  so  is  entirely  diflferent.  As  a 
general  rule  they  select  for  this  purpose  pasture  land,  road  sides, 
or,  by  preference,  clearings  from  which  the  stumps  have  not 
>^et  been  removed,  although  the  land  has  already  been  used  for 
:rops.  In  such  places  large  numbers  of  eggs  are  deposited  in 
the  sod.  Usually  they  are  placed  right  upon  the  surface  of  the 
soil,  where  they  are  protected  by  the  grass  and  by  the  rubbish 
found  in  such  situations  (Fig.  24,  b  and  c).  Occasionally  the 
^ggs  are  deposited  just  beneath  the  surface,  but  only  where 
the  ground  is  sufficiently  loose  to  enable  the  insects  to  do  so. 
The  eggs  are  about  4  mm.  in  length,  and  i  mm.  in  diameter; 
:hey  are  slightly  curved  and  rounded  at  the  ends  (Fig.  24,  a). 
They  are  deposited  in  layers,  each  with  three  or  four  eggs,  which 
>verlap  and  appear  somewhat  irregular  (Fig.  24,  b).  These  diag- 
>nally  overlapping  layers  are  built  up  until  an  elongated  cylindri- 
:al  mass  from  10  to  15  mm.  in  length  is  formed.  This  whole 
nass  of  eggs  is  protected  by  a  water-proof  covering  composed  of 
)its  of  earth  cemented  together  with  the  frothy  material  produced 
)y  the  mother  insect  at  the  time  the  eggs  are  deposited  and  ar- 
ranged by  her.  One  end  of  this  protective  layer  of  waterproof 
naterial  is  very  thin,  almost  or  entirely  open,  thus  affording  the 
roung  and  weak  locust  an  easy  means  of  egress.  Each  cylindri- 
:al   capsule  contains  about  twenty  eggs. 
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"^^^Fio.  24-. — a,  single  egg  of  Pellucid  Locust;  5,  egg-mass  opened  to  show 
inside;  c,  egg-mass;  i,  female;  b,  male.  Lesser  Migratory  Locust;  d,  female;  c, 
/;  pupa.    Natural  size.    Original. 


Fig.  24  shows  the  Pelhtcid  Locust  and  its  eggs;  alsc 
Lesser  Migratory  Locust. 

To  distinguish  with  absolute  certainty  the  three  closel 
lied  species  M.  spreius,  atlanis,  and  the  common  native  Red-Ie 
locust  (M.  fenmr-rubrum)  it  is  necessary  to  study  the  sw 
abdomen  of  the  males.     Here  we  find  constant  differences 
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FlO.  27 


Pig.  26. 


Fig.  25. 


readily  expressed  in  words.  The  illustrations  show  them  very 
plainly.  ¥\g,  25  illustrates  the  abdomen  of  M.  sprehis,  Fig.  26, 
that  of  M.  atlanis,  and  Fig.  27  that  of  femur-rubrum.  It  will  be 
noticed  that  the  two  former  ones  have  a  decided  notch  at  the  tip. 
Fhe  females  do  not  possess  the  peculiar  knob-like  ends  of  the 
ibdomen,  but  have  instead  a  pointed  tip  with  four  small  and  horny 
x)ints  used  to  drill  a  hole  in  the  ground  for  the  reception  of  eggs. 

If  we  desire  to  get  rid  of  the  migratory  species  of  locusts  it 
s  absolutely  necessary  to  plow  every  inch  of  the  cultivated 
ground,  and  especially  the  stubble-fields,  which  are  invariably 
elected  by  the  locusts  for  the  purpose  of  egg-laying. 

There  are  many  other  remedies  that  can  be  employed  to 
:ill  these  injurious  insects,  but  not  at  the  present  time,  and  none 
ire  as  effective  as  the  one  given. 

Plate  III  and  TV  show  the  different  kinds  of  locusts  men- 
ioned  before. 
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1.  Rye  plant,  showing  pustules  (sort)  containing  red  summer  sporen  or  urcdi 
spores  (L7t/),  natural  size;  2,  ear  of  rye  with  same,  natural  siac;  8,  pustules  coi 
taining  black  winter  spores  or  teleutospores  (TT), natural  size;  4.  red  uredosDore 

»nlo«-cr«>rl    ^vm  Aiawr,^*^^^  .      R       V..1 » ^1.      *.^t^^*. ._ i i     Ji Ji a  ^  "^a 


PLATE  II. 


2   (M/l) 
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yScidia,  or  Cups  of  Rusts.  1,  AA  of  Puccinia  gramiais,  Pcrs.  (Black  or  Sum- 
mer RtiBt).  on  leaTcs  of  barberry,  natural  size;  2.  cross  section  through  cup;  a, 
cap  with  spores :  b.  sperm ojzunium  with  spermatia,  enlarged  66  diameters;  3,  AA 
Acidia  of  faeciaia  rubijfo  vera,  Wtr.  (Spring  Ruse),  on  borage;  4,  AA  fecidia  of| 
Puctiafa  coronata,  Cda.  (Kust  of  Oats)  on  Buckthorn  {Rhamnus  cathartica) 
3  anH  A.  njatural  niz0. 
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PLATE  III. 
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Male  and  female  Rocky  Mountain  Locust  {Melanoplus  spretas,^ 
above,  and  male  of  same  from  the  side.  The  Lesser  Migratory  Locus 
1  anis,  Ri\.)   in  same  position.    Enlarged  ftbioutone-ttxtb. 
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Male  and  female  Common  Red-Leg^S^ed  Locnst  (Melanoplas  fcmar-rubrum,  De 
rcer)  from  abore,  and  male  of  same  from  the  side.  The  Pellucid  Locast  {Cam' 
vJM''Jftftaeidat  Sctidder),  male  from  side,  female  from  above.  The  Common 
'wo^tripcd  I^ocnst  {Melanoplaa  bivittataa  Say.),  female  from  above.  Enlarged 
bowt  one-sixth. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


^c//^ 


^s.  V  S' 


UNIVERSITY  OF 


Agricultural  Expert 


TA_ 


tation. 


BULLETIN  NO.  65. 


CHEMICAL   DIVISION. 


N0VEM:BER,  18QQ. 


sou  INVESTIGATIONS. 

1.  THE  CHEMICAL  COMPOSITION  OP  SOILS. 

2.  THE  MECHANICAL  COMPOSITION  OP  SOILS. 

3.  THE  AVAILABLE  PLANT  POOD  OP  SOILS.    . 

4.  CHARACTERISTIC    PEATURES    OP    MINNESOTA 

SOILS  AND  CONSERVATION  OF  THE  FERTILITY 
OF  THE  SOIL. 


P*. 


-. 


ST.  ANTHONY  PARK,  RAMSEY  CO.,  MINNESOTA. 
McGill-Warnbr  Co.,  Pbintbbs,  8t.  Paul. 


Digitized  by  VjOOQIC 


UNIVERSITY  OF  MINNESOTA. 


BOARD  OP  REGENTS: 

Term 
The  HON.  JOIIX  S.  PILLSBURY,  Minneapolis,       -       -     Regent 

ThcUON.JOHNLlXD,  NewUlm, Ei 

The  Governor  of  the  State. 
CYRUSXORTIIROP,LL.D.,  Minneapolis,       -       -       -       -       £• : 

The  President  of  the  University. 
The  IIOX.  JOHM  II.  LEWIS,  B.  A.,  Hastings,       ...  E: 

The  State  Superintendent  of  Public  Instruction. 
The  HOX.  STEPHE?^  MAHOXEY,  B.  A.,  Minneapolis,       -       - 
The  now  SIDNEY  M.  OWEX,  Minneapolis.       .       -       -       - 

The  IIOX.  ALPIIOXSO  BARTO,  St.  Cloud, 

TheHOX.TIIOMASWILSOX,  St.  Paul, 

The  IIOX.  WILLIAM  M.  LIGGETT.  St.  Anthony  Park,   -       - 

The  IIOX.  A.  E.  RICE.  Willmar, 

ThellOV.  ELMER  E.ADAMS,  B.  A.,  Fergi-s  Falls,       -       -       - 
TheHOX.  GREEXLEAFCLARK.M.  A.,  St.  Paul.       -       -       - 
The  REV.  SAMUEL  G.  SMITH,  D.  D  ,  St.  Paul,      -       - 


THB  AGRICULTURAL  COMMITTEE: 

The  HOX.  WILLIAM  M.  LIGGETT,  Chairman. 
The  HON.  JOHX  S.  PILLSBURY. 
The  HOX.  SU'XEY  M.  OWEX. 
The  HOX.  ELMER  E.  ADAMS. 
The  HON.  ALPHOXSO  BAKTO. 


OFFICERS  AND  ASSISTANTS  OP  THB  STATION: 

WM.  M.  LIGGETT, E 

WILLET  M.  HAYS.  M.  Agr.. A^a 

SAMUELB.  GREEN.  B.S.. Hortict 

OTTO  LUGGER.  Ph.  D..       -       -       -       -         Entomologist  and  B 

HARRYSNYDBR,  B.  S.. C 

T.L.  HACKER. Dairy  Husl 

M.  H.  RKYNOLDS,  M.  D..  V.  M.. Vctcri 

THOS.  SHAW, Animal  Hus 

ANDREW  BOSS. Asst.  in  Aer  ,  University 

T.  A.  HOVERSTAD.  B  A^rr  .  -  -  -  -  Asst  in  Agr..  Qvo 
R.  S.  MACKINTOSH,  -  .  -  .  Asst.  in  Hort.,  Universit: 
H.  H.  CHAPMAN,  B.  S.,  B.  Agr.,  -  -  Asst.  in  Agr..  Grand 
J.A.VYE. So 

•^*The  bulletins  of  this  station  are  mailed  free  to  all  residents  of  tl 
who  make  application  for  them. 

Digitized  by  VjOOQIC 


vi< 


THE  CHEMICAL  COMPOSITIONOF  SOILS. 


HARRY   SNYDER. 

The  work  reported  in  this  bulletin  is  a  continuation  of  the  soil 
investigations  reported  in  bulletins  Nos.  30  and  41  of  this  station. 
Representative  samples  of  soil  from  different  parts  of  the  state 
have  been  obtained  and  analyzed  with  the  view  of  determining,  as 
far  as  our  present  methods  will  allow,  the  amount  of  reserve  plant 
food  in  our  soils.  The  soil  samples  have  been  taken  mainly  by 
students  of  the  College  and  School  of  Agriculture  of  the  Univer- 
sity of  Minnesota.  A  complete  record  of  the  soil  and  of  the  crops 
produced  was,  in  nearly  all  cases,  secured,  including  the  exact  loca- 
tion of  the  fields  sampled  and  the  nature  of  the  vegetation  and  the 
former  productiveness  of  the  soil.  It  is  hoped  that  after  a  number 
of  years  of  cropping,  soil  samples,  from  many  of  these  same  farms* 
will  again  be  taken  and  analyzed  with  the  object  of  obtaining  re- 
sults as  to  the  influence  of  different  methods  of  farming  upon  the 
fertility  of  the  soil.  Samples  of  the  soils  analyzed  have  been  pre- 
served with  the  view  of  applying  any  improved  method  that  may 
be  de^'^sed  for  the  determination  of  the  available  plant  food. 

Since  many  of  the  soils  were  secured  from  the  farms  of  the  stu- 
dents of  the  College  and  School  of  Agriculture,  ample  opportunity 
was  afforded  for  a  class  room  study  of  the  results  obtained.  This 
has  been  of  material  value  because  it  has  g^ven  an  opportunity  for 
the  chemist  who  made  the  analyses  to  meet  and  discuss  the  re- 
sults with  those  who  have  cultivated  the  soils  and  are  familiar  with 
their  productiveness  and  unique  characteristics. 

It  is  believed  by  many  that  the  object  of  a  soil  analysis  should  be 
to  determine  the  amount  of  available  plant  food,  and  during  the 
last  few  years  particular  attention  has  been  g^ven  to  this  phase  of 
the  work.    Various  dilute  solvents  have  been  tried  for  extracting 
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the  available  plant  iood  but  as  yet  the  methods  proposed  have 
passed  the  experimental  stage:  In  another  part  of  this  bull 
the  subject  of  available  plant  food  is  discussed  in  detail. 

In  this  work  the  use  of  hydrochloric  acid  as  a  solvent  has  t 
continued,  and  it  is  believed  that  a  complete  soil  analysis  with 
solvent  gives  more  information  as  to  the  general  character  c 
soil  than  could  be  secured  by  the  use  of  some  weak  solvent  for 
determination  of  only  one  or  two  constituents.  While  the  c 
plete  chemical  analysis  of  a  soil  requires  considerable  time  an 
expensive,  it  is  believed  that  the  results  secured  are  of  suffic 
value  to  compensate  fully  for  the  time  and  labor  involved.  In 
work  it  has  been  found  that  the  best  results  are  obtained  wh( 
number  of  soils  of  known  fertility  are  analyzed  and  the  res 
compared  with  soils  of  doubtful  crop  producing  power  from 
same  locality.-  A  soil  analysis  when  properly  interpreted  is  a 
capable  of  giving  a  general  insight  into  the  character  of  a  soil 
indicating  whether  the  elements  are  present  in  what  may 
termed  a  balanced  condition. 

In  many  soils  there  are  high  percentage  amount*  of  nitroj 
'phosphoric  acid,  and  potash,  but  good  crops  canaot  be  prodi 
because  of  an  unbalanced  condition  existing  between  the  acid 
basic  constituents  of  the  soil.  Hence,  in  the  interpretation  of 
results  of  a  soil  analysis  the  aim  should  be  to  consider  the  res 
in  relation  to  each  other  rather  than  to  consider  each  separate! 

EXPLANATION   OF   TERMS   USED. 

Skeleton. — The  term  skeleton  is  used  to  designate  the  amc 
of  coarse  material  in  the  soil.  Panicles  of  gravel  and  coarse  sj 
which  fail  to  pass  through  a  sieve  with  holes  .02  inch  in  diame 
constitute  the  skeleton.  The  part  which  passes  through  the  s 
is  called  fine  earth.  The  amount  of  skeleton  in  soils  will  be  fo 
to  range  from  i  to  20  per  cent,  or  more.  In  making  a  cheni 
analysis,  only  the  fine  earth  is  used,  since  the  plant  food  in 
coarse  particles  is  in  less  accessible  forms. 

Humus, — This  term  is  applied  to  the  partially  decayed  ani 
and  vegetable  matter  of  the  soil.    Humus  is  composed  of  a  h 
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number  of  organic  compounds  some  of  which  are  in  chemical  com- 
bination with  the  mineral  matter  of  the  soil  forming  the  humate 
compounds.  The  value  of  humus  has  been  discussed  in  former 
bulletins  of  this  station  (Nos.  41  and  53).  Briefly  stated,  humus 
influences  the  physical  properties  of  the  soil,  as  power  to  absorb 
water  and  resist  drought,  and  the  chemical  properties  by  rendering 
the  inert  plant  food  more  active  and  available.  The  humus  does 
not  include  all  of  the  organic  compounds  of  the  soil,  and  the  hu- 
mus from  two  soils  may  be  extremely  unHke  in  composition  and 
agricultural  value  because  of  the  differences  in  the  sources  of  the 
materials  from  which  the  humus  was  formed. 

Nitrogen. —  The  total  nitrogen  g^ven  in  the  tables  of  analyses  is 
present  largely  in  organic  forms.  Nitrogen  is  one  of  the  elements 
of  which  humus  is  composed.  The  value  of  nitrogen  in  plant  nu- 
trition has  been  extensively  discussed  in  experiment  station 
publications.  When  combined  with  the  humus,  the  nitrogen  must 
be  broken  down  into  simpler  compounds  before  it  becomes  avail- 
able as  plant  food.  When  the  humus  is  broken  down  and  nitrates 
and  ammonium  compounds  formed,  the  nitrogen  cannot  be  retain- 
ed in  the  soil  because  both  of  these  compounds  are  lost  by  drainage 
while  the  ammonia  may  also  be  lost  by  volatilization.  Nitrogen  is 
one  of  the  chief  elements  of  fertility.  It  is  the  most  expensive 
element  of  plant  food,  and  when  the  land  is  given  a  one  crop 
treatment,  as  all  wheat  farming,  the  nitrogen  is  gradually  reduced 
below  the  point  necessary  for  good  crop  production.  Causes 
for  the  decrease  of  nitrogen  as  excessive  grain  farming,  summer 
fallowing,  and  burning  over  of  stubble  land  have  been  discussed 
in  previous  bulletins  to  which  the  reader  is  referred  for  further  in- 
formation upon  the  subject.  The  decline  in  fertility  of  our  prairie 
soils  has  been  due  more  to  the  loss  of  nitrogen  and  humus  than  to 
any  ofher  cause. 

Insoluble  Matter. — The  insoluble  matter  of  a  soil  is  the  resi- 
due that  is  left  after  the  soil  is  treated  with  hydrochloric  acid  of 
23  per  cent,  strength  for  thirty-six  hours,  and  is  composed  of  sand 
and  insoluble  silicates.  The  insoluble  residue  cannot  contribute 
to  plant  growth,  as  the  elements  are  in  such  stable  forms  that  they 
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are  unavailable  for  crop  purposes.  Soils  in  general  are  comi 
of  from  75  to  80  per  cent,  or  more  of  insoluble  matter.  It 
thus  be  seen  that  even  in  our  most  fertile  soils  over  three  qua 
of  the  material  with  which  plant  roots  come  in  contact  is  inso 
matter  which  cannot  contribute  to  growth.  In  sandy  and  I: 
clay  soils  the  insoluble  matter  may  amount  to  88  per  cent.  0 
total  soil.  The  insoluble  matter  cannot  be  taken  as  an  index  0 
tility  or  lack  of  fertiHty  because  what  is  dissolved  in  the  ac 
not  necessarily  all  plant  food. 

Potash, — ^The  potash  given  in  the  tables  of  analyses  is 
soluble  in  the  hydrochloric  acid  used  for  extracting  the  soi 
is  not  in  the  same  form  as  the  commercial  potash  used  for 
making,  but  is  the  potassium  oxid  that  is  combined  with  the 
constituents  of  the  soil.  The  element  potassium  is  coml 
mainly  with  the  elements  oxygen  and  silicon  forming  sili 
which  are  frequently  found  combined  with,  various  bases  ii 
form  of  double  silicates.  The  amount  and  form  of  the  potash 
pounds  of  the  soil  have  a  great  influence  upon  crop  growth. 
tables  give  the  amounts  of  the  potash,  but  unfortunatel> 
potash  is  not  all  equally  valuable  as  plant  food.  In  a  pro 
balanced  soil,  the  potash  is  not  so  liable  to  be  unavailable  a 
some  of  the  other  elements.  In  the  interpretation  of  result 
potash  and  lime  should  be  considered  jointly,  as  explained  on 
9. 

Soda. — Since  sodium  takes,  at  the  most,  only  a  minor  p< 
plant  nutrition  it  would  not  be  necessary  to  consider  this  ek 
if  it  were  not  for  the  fact  that  in  some  soils  an  excess  in  the 
of  carbonate,  sulphate,  or  chlorid  may  be  injurious  to  veget 
The  sodium  compounds  of  the  soil  may,  however,  when  pres< 
small  amounts  be  of  value,  furnishing  the  necessary  basic  1 
rial  for  nitrification. 

.   Lime. — The  figures  given  for  lime  represent  the  amou 
calcium  oxide  dissolved  by  the  hydrochloric  acid.    The  lime 
necessarily  in  the  form  of  carbonate  or  limestone  but  freq 
ly  is  in  the  form  of  silicate.     If  a  soil  contains  .5  per  cent,  of 
and  from  .2  to  .3  per  cent,  or  more  of  combined  carbonic  anh 
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the  lime  is  present  mainly  as  lime  carbonate.  When  considering 
the  lime  the  reader  should  also  note  the  per  cent,  of  carbonic  an- 
hydrid.  In  many  cases  the  high  per  cent,  of  carbonic  anhydrid 
shows  that  the  lime  is  in  the  form  of  .carbonate.  It  is  very  desirable 
for  a  soil  to  contain  a  good  stock  of  either  lime  carbonate  or  sul- 
phate, which  are  active  forms  of  basic  material,  and  are  also  forms 
not  injurious  to  vegetation.  The  active  lime  compounds  of  the  soil 
take  an  important  part  both  directly  and  indirectly  in  imparting 
fertility  in  the  following  ways :  (i)  By  aiding  nitrification  or  ren- 
dering the  soil  nitrogen  available;  (2)  by  preventing  the  soil  from 
becoming  acid;  (3)  by  enabling  the  potash  and  other  elements 
to  be  assimilated  by  crops;  and  (4)  by  improving  the  physical 
condition  of  soils. 

Magnesia. — The  amount  of  magnesia  that  a  soil  contains  de- 
serves consideration  because  the  magnesium  compounds  are  ca- 
pable of  influencing  nitrification  and  acting  upon  the  soil  in  a 
similar  way  to  the  corresponding  lime  compounds.  Some  of  the 
soils  of  the  Red  River  Valley,  which  rank  among  the  most  pro- 
ductive grain  soils  of  the  world,  contain  from  i  to  3  per  cent,  of 
magnesium  carbonate.  While  magnesium  takes  an  important 
part  in  plant  nutrition  it  is  not  considered  necessary  to  add  this 
material  to  fertilizers  because  most  soils  contain  a  sufficient 
amount  for  crop  purposes. 

Iron  and  Aluminia, — In  the  tables  of  analyses  it  will  be  observed 
that  the  amounts  of  iron,  (as  ferric  oxid)  and  aluminia,  exceed  the 
amounts  of  nearly  all  of  the  other  constituents  of  the  soil.  The 
acid  soluble  part  of  soils  is  composed  largely  of  aluminia  and  iron 
compounds,  originally  present  as  acid  soluble  silicates.  Aluminia 
takes  no  part  in  plant  nutrition.  The  amount  of  iron  removed 
by  crops  is  relatively  small  compared  with  the  nitrogen  or  potash. 
Neither  the  iron  nor  the  aluminia  compounds  are  of  themselves 
particularly  important  ingredients  of  a  soil  but  a  large  part  of 
the  plant  food  is  frequently  combined  with  them  as  the  phosphoric 
acid,  which  forms  insoluble  phosphates  of  iron  and  aluminia ;  these 
are  unavailable  as  plant  food. 

Phosphoric  Acid. — The  figures  given  in  the  tables  for  phospho- 


Digitized  by  VjOOQIC 


6  CHEMICAL  COMPOSITION  OF  SOILS. 

ric  acid  or  anhydrid  are  for  the  phosphorus  pentoxid  content  oi 
soil.    The  form  in  which  the  phosphates  are  present  has  a  g 
influence  upon  fertility.    In  prairie  soil  a  part  of  the  phosph 
acid  is  in  chemical  combination  with  the  humus.    In  many  soih 
phosphoric  acid  is  combined  with  the  iron  and  aluminia.    If 
soil  contains  a  sufficient  amount  of  humus  and  available 
or  other  active  alkaline  matter,  the  phosphoric  acid  combined 
the  humus  is  available  as  plant  food.      If  the  soil  is  in  an 
condition  the  phosphates  combined  with  the  humus  are  una 
able.    A  good  content  of  phosphoric  acid  is  very  desirable,  pa 
ularly  when  associated  with  the  humus  and  alkaline  matter. 

Carbonic  Anhydrid, — The  carbonic  anhydrid  or  carbonic 
gas  which  a  soil  contains  depends  upon  the  amounts  of  lime 
magnesium  carbonates  present.  A  liberal  amount  of  cai 
dioxid  from  carbonates  in  a  soil  is  desirable,  provided  there  is 
an  excess  of  either  potash  or  soda.  As  stated  in  the  paragi 
relating  to  lime  the  amount  of  carbon  dioxid  in  case  the  soil  is 
excessively  rich  in  organic  matter  can  be  taken  as  an  index  oi 
form  of  the  lime. 

Volatile  Matter,~By  the  term  volatile  matter,  as  used  in 
analysis,  is  meant  that  part  of  the  soil  thAt  can  be  volatilize 
a  high  temperature.  The  volatile  matter  is  composed  largel 
organic  matter,  water  held  in  chemical  combination  by  the  '. 
rated  silicates,  and  small  amounts  of  combined  carbon  dioxid. 
many  the  volatile  matter  has  been  confused  with  the  veget 
matter.  Clay  subsoils  containing  but  little  vegetable  or  c 
organic  matter,  may  contain  from  5  to  7  per  cent,  of  vol 
matter  in  the  form  of  water  held  by  the  hydrated  silic 
The  volatile  matter  tells  only  in  an  indefinite  and  general  wa> 
amount  of  vegetable  matter  contained  in  a  soil.  Soils  of  high 
tility  contain  from  10  to  12  per  cent,  or  more  of  volatile  matter, 
some  peaty  soils  the  amount  may  exceed  50  per  cent.  A  1 
per  cent,  of  volatile  matter  is  not  always  an  index  of  fertility. 

INTERPRETATION  OF  RESULTS. 

Infallible   rules   for  the  interpretation  of  the  results  of 
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analysis,  applicable  to  all  classes  of  soil,  cannot  be  formulated.  It 
is  of  more  importance  to  consider  the  general  make-up  or  character 
of  a  soil  than  that  a  soil  should  contain  a  certain  specified  amount 
of  each  plant  food  element. 

From  the  work  reported  in  this  and  in  former  bulletins  it  has 
been  found  that  many  soils  of  high  fertility  possess  certain  im- 
portant characteristics  which  are  capable  of  being  revealed  by 
a  chemical  analysis.  It  is  not  intended  to  convey  the  idea  that 
a  chemical  analysis  is  alike  capable  of  determining  the  productive- 
ness of  all  classes  of  soils.  The  chemical  analyses  reported  in 
this  bulletin  have  been  supplemented  by  numerous  mechanical 
analyses,  and  in  addition  to  the  usual  determinations  using  hydro- 
chloric acid  as  a  solvent,  other  determinations  have  been  made; 
as  the  humus  by  the  modified  Grandeau  method,  phosphoric  acid 
content  of  the  humus,  total  nitrogen,  lime  in  the  form  of  carbonate 
soluble  in  carbonated  water  as  proposed  by  Hallemann,  and  the 
reaction  of  the  soil.  In  discussing  the  individual  soils  all  of  the 
results  by  these  various  determinations  have  been  used.  For  the 
sake  of  brevity,  however,  the  tabulated  results  are  given  only  in 
one  place,  but  the  reader  can  from  the  soil  numbers  identify  the 
individual  soils  given  in  the  various  tables. 

Many  of  the  soils  examined,  particularly  the  subsoils,  have 
shown  a  general  composition  like  soil  No.  2,  while  a  few  have 
shown  a  general  composition  like  No.  i.  Soils  like  No.  2  have 
invariably  been  of  high  fertility,  while  some  of  the  soils  similar 
to  No.  I  have  also  produced  good  crops.  The  composition  of  the 
two  types  of  soil  is  given  in  the  following  table : 

TABLE  I.— Soil  Types. 


Total  insoluble  matter.. 

Potash 

Soda 

Lime 

Maenesia 

Iron  and  alnminia 

Phosphoric  anhydrid.... 

Carbonic  anhydrid 

Svlphuric  anhydrid 

Total  nitrogen 

Hnmus 


SOILI 

Soil  2 

Per  cent. 

Per  cent. 

82.40 

80.25 

.45 

.40 

.35 

.30 

.45 

.45 

.22 

.20 

6.27 

6.12 

.18 

.15 

.01 

.20 

.01 

.03 

.22 

.18 

2.60 

1.88 

I 

-.1 
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From  the  table  it  will  be  seen  that  soil  No.  i  contains  more 
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nitrogen,  phosphoric  acid  and  potash  than  soil  No.  2 ;  but  soil 
2  annually  produces  larger  crops  than  soil  No.  i.  How  are  t 
facts  to  be  harmonized?  If  judged  by  the  standard  of  hig 
per  centage  amounts,  soil  No.  i  should  be  the  more  produc 
but  soil  No.  2  is  the  more  productive. 

In  soil  No.  I  a  low  per  cent,  of  carbonic  and  sulphuric  anhyc 
is  found.  In  this  soil  the  lime  and  magnesia  are  not  preser 
either  carbonate  or  sulphate.  The  soil  is  deficient  in  active  I 
material  and  as  a  result  nitrification  is  slow  and  there  is  a  lac 
available  nitrogen.  Soil  No.  i  contains  a  relatively  high  per  i 
of  humus,  a  valuable  material,  but  the  absence  of  active  1 
material  in  this  soil  results  in  the  formation  of  humic  acid  anc 
soil  becomes  sour.  There  is  a  high  per  cent,  of  potash  bi 
the  absence  of  available  lime  or  other  alkaline  matter  the  pc 
cannot  become  available.  Neither  can  the  phosphoric  acid  bee 
available  while  the  soil  is  in  its  present  condition  but  in 
presence  of  sufficient  alkaline  matter  the  phosphoric  add  ( 
bines  with  the  organic  matter  and  becomes  available.  While 
No.  I  contains  a  high  percentage  amount  of  nitrogen,  phospl 
acid,  and  potash,  the  soil  is  not  one  of  high  productiveness  bee 
of  the  unbalanced  condition  of  the  acid  and  basic  constitu 
On  the  other  hand,  a  soil  may  be  unbalanced  by  containinj 
excessive  amount  of  alkaline  matter  as  in  the  case  of  "all 
soils. 

Soil  No.  2  contains  less  nitrogen,  phosphoric  acid  and  pc 
than  No.  i  but  a  better  balanced  condition  of  the  elements  « 
The  higher  percentage  amounts  of  carbonic  and  sulpl 
anhydrids  indicate  that  the  lime  and  magnesia  are  present  mj 
in  the  forms  of  carbonates  and  sulphates.  The  more  active  f< 
of  the  alkahne  compounds  in  this  soil  (No.  2)  promote  nitri 
tion,  enable  the  potash  to  become  available,  and  as  a  result  b 
crops  are  produced.  Consequently  in  this  soil  there  is  a  b 
balanced  condition  of  the  plant  food  than  in  No.  i,  which  con 
a  higher  percentage  amount  of  plant  food.  Hence  it  will  be 
that  in  the  case  of  soils  of  high  fertility  a  Kberal  amount  of  ] 
food  exists  in  neither  an  excessively  acid  nor  alkaline  condi 
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and  that  chemical  analysis  is  frequently  of  value  in  determining 
whether  the  elements  are  present  in  a  soil  in  a  balanced  condition. 

Soils  of  high  fertility  are  occasionally  met  with  that  do  not  pos- 
sess all  of  the  features  of  soil  No.  2,  while  some  soils  like  No.  i 
have  produced  good  crops.  No  soil  of  this  state  has  as  yet  been 
analyzed  that  possessed  all  of  the  characteristics  of  soil  No.  2 
and  was  deficient  in  available  plant  food.  In  examining  the 
tables  the  following  tentative  standards  may  be  applied.  They 
have  been  used  in  class  room  work  at  the  School  of  Agriculture, 
University  of  Minnesota,  for  the  interpretation  of  the  results 
reported  in  this  bulletin  and  have  been  found  to  give  reasonably 
correct  interpretations  of  the  analytical  results.  As  to  what  extent 
they  can  be  applied  to  soils  of  widely  different  character,  and  from 
other  localities  cannot  be  stated,  but  they  have  given  good  results 
under  the  conditions  to  which  they  have  been  subjected. 

Lime, — Soils  which  contain  from  .3  to. 5  per  cent,  or  more  of  lime 
and  from  .1  to  .4  per  cent,  of  combined  carbon  dioxid,  and  are  not 
strongly  charged  with  alkaline  salts,  are  reasonably  well  supplied 
with  active  lime  compounds.  If,  however,  the  soil  contains  only 
from  .01  to  .02  per  cent,  of  carbon  dioxid  and  a  similar  amount  of 
sulphur  dioxid  then  the  lime  is  probably  present  as  a  silicate,  in 
which  case  the  soil  may  stand  in  need  of  a  lime  fertilizer.  Some 
soils  have  been  observed  which  yield  only  .01  per  cent,  or  so  of 
carbon  dioxid  but  contain  .10  per  cent,  or  more  of  sulphur  dioxid ; 
in  such  cases  the  lime  is  present  as  sulphate,  an  equally  active  form. 
Many  surface  soils  appear  to  be  deficient  in  lime,  while  the  sub- 
soils are  well  supplied.  A  low  per  cent,  as  .01  of  carbon  and 
sulphur  dioxids  in  both  the  surface  and  subsoil  is  generally  an 
indication  that  the  lime  is  not  in  an  active  form.  A  large  amount 
of  organic  matter  in  the  surface  soil  may  result  in  the  liberation  of 
sufficient- carbon  dioxide  to  cause  trouble  in  the  interpretation  of 
results ;  hence,  it  is  more  desirable  to  consider  the  subsoil  percent- 
age, as  the  subsoils  contain,  as  a  rule,  but  little  organic  matter. 

Nitrogen. — Prairie  soils  of  average  fertility  show  high  per- 
centages of  nitrogen.  Virgin  soil  from  the  Red  River  Valley  has 
been  found  with  .6  per  cent,  of  nitrogen.    Soils  of  average  fertility 
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contain  from  .15  to  .20  per  cent.  With  less  than  .07  per  c 
there  is  usually  a  decided  deficiency.  The  availability  of 
nitrogen  depends  largely  upon  the  condition  of  the  soil.  If  tl 
is  a  good  supply  of  available  lime  or  other  basic  matter  the  < 
ditions  are  favorable  for  nitrification,  and  a  smaller  percent 
amount  of  nitrogen  will  suffice  for  crop  growth.  Warinj 
states  that  not  more  than  2  per  cent,  of  the  total  nitrogen  of 
soil  is  available  as  plant  food  at  any  one  time.  Three-tenths 
cent,  of  nitrogen  is  equivalent  to  about  10,000  pounds  per  ac 
the  depth  of  one  foot.  If  i  per  cent,  were  available  there  wc 
be  only  100  pounds  of  available  nitrogen,  of  which  but  a  si 
part  comes  in  contact  with  the  roots  of  crops.  Thus  it  will 
seen  that  while  a  soil  may  contain  a  large  amount  of  total  nitroj 
it  may  still  be  deficient  in  available  nitrogen.  Average  soils  v 
.15  per  cent,  of  nitrogen,  and  with  a. good  stock  of  available  1 
are  not  apt  to  be  deficient  in  available  nitrogen.  The  app< 
ance  of  the  foliage  of  a  crop  is  a  safe  guide  as  to  the  availabi 
of  the  nitrogen.  With  a  good  supply  of  available  nitrogen 
leaves  of  plants  are  large  and  of  a  deep  green  color.  Small  lea 
of  a  yellowish  tinge  are  an  indication  of  an  unavailable  form  of 
nitrogen. 

Potash. — Fertile  soils  usually  contain  from  .3  to  .6  per  cent 
potash.  The  availability  of  the  potash  depends  upon  the  gen< 
character  of  the  soil.  With  a  good  supply  of  available  lime 
magnesia  the  potash  of  the  soil  is  usually  in  an  available  fo; 
A  soil  may  contain  .50  per  cent,  of  acid  soluble  potash,  but 
the  absence  of  lime  or  other  basic  material  the  crops  may  sui 
for  the  want  of  potash.  In  considering  the  availability  of 
potash  the  lime  and  magnesia  should  be  considered  jointly  v 
the  potash.  Soils  that  contain  .4  per  cent,  of  potash  and  .4 
.5  per  cent,  or  more  of  lime  as  carbonate  or  sulphate  are  as  a  r 
well  supplied  with  available  potash. 

Phosphoric  Acid. — Hilgard  states  that  if  the  soil  contains  1 
than  .05  per  cent,  of  phosphoric  acid  there  is  in  all  probabilit] 
poverty  of  this  element.  "A  soil  that  gives  an  alkaline  or  neut 
reaction  and  contains  .15  per  cent,  of  phosphorus  pentoxid,  and 


Digitized  by  VjOOQIC 


CHEMICAL  COMPOSITION  OF  SOILS. 


11 


well  supplied  with  organic  matter  and  lime,  is  amply  provided 
with  phosphoric  acid,  and  under  such  conditions  the  extensive 
use  of  phosphate  fertilizers  is  not  required  except  possibly  for 
special  crops."  (Chemistry  of  Soils  and  Fertilizers.)  In  con- 
sidering the  availability  of  the  phosphoric  acid,  the  following  facts 
should  be  observed :  Is  there  ( i )  a  reasonable  amount  of  total 
phosphoric  acid  fat  least  .12  per  cent.)  ;  (2)  a  good  working 
supply  of  humus,  so  that  humic  phosphates  may  be  produced ;  and 
(3)  a  good  supply  of  available  lime  or  other  alkaline  matter  to  pre- 
vent an  acid  condition  of  the  soil  ? 

As  the  reader  examines  the  tables  he  will  observe  that  there 
are  frequently  large  areas  of  the  state  that  are  not  represented.  In 
fonncr  bulletins  reports  are  given  of  soils  from  many  of  the 
localities  tliat  are  not  included  in  this  report.  In  all  about  three 
hundred  and  fifty  samples  of  soil  have  been  analyzed  ami  in  this 
bulletin  the  analyses  of  one  hundred  and  twenty-six  surface  and 
subfoils  are  given.  Because  of  the  extreme  variation  in  the 
composition  of  the  soils  from  different  parts  of  the  state,  no 
attempt  has  yet  been  made  to  make  soil  maps.  This  can  be 
done  more  intelligently  after  a  larger  number  of  soils  have  been 
collected  and  analyzed.  In  this  report  the  soils  have  been  grouped 
geographically.  The  soils  from  the  southeastern  part  of  Minne- 
sota are  given  first,  then  those  from  the  southwestern  part 
followed  by  those  from  the  northwestern  and  finally  those 
from  the  northeast.  Analyses  have  been  made  of  both  the  surface 
and  subsoils  and  in  the  discussion  of  results  they  are  jointly  con- 
sidered. 

DISCUSSION  OF  RESULTS. 

Soil  No.  563  (subsoil  564)  from  Castle  Rock,  Dakota  County, 
has  been  under  ctiltivation  for  about  thirty-five  years.  Wheat 
and  small  grains  have  been  the  main  crops  produced,  some  clover 
and  timothy  have  been  grown,  and  during  the  past  fifteen  years 
liberal  use  has  been  made  of  farm  manure.  Both  the  surface 
soil  and  the  subsoil  contain  a  good  supply  of  lime.  The  carbonic 
and    sulphuric    anhydrid    percentages  indicate  that  a  large  part 
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of  the  lime  is  in  the  active  forms  of  carbonate  and  sulphate, 
potash  is  high,  and  a  good  supply  is  present  and  availabl( 
cause  of  the  active  form  of  the  lime.  The  soil  is  well  sic 
with  phosphoric  acid,  which  is  available  because  the  soil  cor 
a  good  supply  of  humus  and  active  lime  and  potash.  Ii 
presence  of  basic  material  the  humus  and  phosphoric  acid 
combine  and  form  available  plant  food.  The  fact  that 
grains  have  not  been  grown  exclusively  and  that  manure  has 
used,  and  some  clover  and  hay  crops  grown,  is  shown  by  the 
nitrogen  and  humus  content  of  the  soil.  In  this  soil  and 
soil  the  acid  and  basic  constituents  are  well  balanced,  an( 
soil  is  one  of  high  fertility. 

Soil  No.  557  (subsoil  558)  is  from  the  same  locality  as  soi 
563  and  has  the  same  general  composition.  The  land  was  01 
ally  open  prairie.  The  farmer  who  took  the  sample  rep 
that  the  soil  was  all  very  much  alike  in  texture  and  crop  prodi 
power.  The  sample  is  a  composite  one  from  a  large  farm  ^ 
has  been  cultivated  about  thirty-five  years  to  wheat,  oats,  fla^f, 
and  grass  crops.  During  the  past  ten  years  farm  manun 
been  liberally  used.  The  manure  has  been  applied  direct 
the  pasture.  Soiling  crops  have  been  raised  and  fed,  thus  redi 
the  pasture  land  to  one-third  of  the  former  acreage.  Th( 
is  so  similar  in  composition  to  No.  563  that  the  statements  ma 
the  former  regarding  the  plant  food  and  its  availability  ; 
equally  well  to  this  soil.  The  high  per  cent,  of  plant  food 
the  balanced  condition  of  the  elements,  together  with  the  ir 
gent  system  of  farming  followed,  have  resulted  in  maintainin 
original  productiveness  of  this  soil. 

Soil  No.  535  (subsoil  536)  is  also  from  Dakota  County, 
surface  soil  contains  less  insoluble  matter  than  is  found  ii 
samples  previously  reported  from  this  county.  The  higl 
cent,  of  soluble  aluminia  is  particularly  noticeable.  The  s< 
one  of  high  fertility  and  is  well  stocked  with  plant  food  in  s 
able  forms.  The  soil  has  been  cultivated  thirty  years  in  abot 
same  way  as  soils  Nos.  557  and  563. 

Soil  No.  513  (subsoil  514)  from  Lakeville,  Dakota  Coun 
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ich  in  plant  food,  particularly  in  nitrogen.  In  these  soils  there  is 
I  liberal  amount  of  lime,  but  there  is  less  in  the  active  form  of 
:arbonate  and  sulphate  than  in  the  preceding  soils  from  this 
rounty.  This  soil,  however,  contains  a  good  working  supply  of 
ivailable  alkaline  matter,  and  is  in  a  good  state  of  productiveness, 
rhe  subsoil,  although  not  deficient  in  lime,  gives  a  faint  acid  re-^ 
iction,  while  the  surface  soil  is  neutral. 

None  of  the  soils  from  this  part  of  the  state  have  been  found 
;o  fall  below  the  provisional  standards  g^ven,  and  a  well  balanced 
x)ndition  has  been  found  to  exist  between  the  acid  and  basic 
x)nstituents  of  the  soils  examined.  Some  of  the  soils  previously 
malyzed  have  shown  low  percentages  of  nitrogen  and  humus  due 
:o  excessive  cropping  to  small  grains.  This  has  resulted,  as  point- 
ed out  in  previous  bulletins,  in  decreased  yields. 

Soil  No.  527  (subsoil  528)  is  from  Kenyon,  Goodhue  County, 
rhe  soil  was  originally  sparsely  covered  with  oak,  ash,  and  Cotton- 
wood. But  little  manure  has  been  used,  the  land,  however,  has 
3een  pastured  and  has  produced  some  hay.  There  is  more  lime 
in  the  form  of  carbonate  (limestone)  in  the  subsoil  than  in  the 
jurface  soil.  In  this  surface  and  subsoil,  magnesia  is  more  liberal- 
y  present  than  is  lime.  The  subsoil  gives  a  slightly  acid  reaction, 
rhe  soil  has  produced  good  crops  of  small  grain,  particularly 
)ats.  Both  the  surface  and  subsoil  are  rich  in  humus  and  nitro- 
gen. In  general  the  soil  conforms  to  type  No.  2,  but  the  surface 
K>il  is  not  too  liberally  supplied  with  lime  carbonate.  This  ap- 
wirent  deficiency  is  corrected  by  the  higher  content  in  the  subsoil 
ind  also  by  the  fact  that  the  lime  is  in  part  in  the  form  of 
»ulphate. 

Soil  No.  616  (subsoil  617)  has  been  cultivated  thirty-five  years 
o  small  grains  and  corn.  The  land  has  been  manured  only  once, 
md  the  fields  begin  to  show  signs  of  "wearing  out."  The  lime, 
nagnesia  and  carbonic  and  sulphuric  anhydrids  show  that  there 
s  a  good  balance  of  basic  matter  in  the  soil,  and  there  is  also  a 
iberal  amount  of  potash  and  phosphoric  acid.  The  nitrogen  and 
lumus  percentages  are,  however,  low,  and  the  "wearing  out"  is 
iue  to  the  excessive  drain  on  these  constituents  caused  by  all- 
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grain  farming.  Clover,  manure  and  rotation  of  crops  v 
this  soil  in  a  good  state  of  productiveness.  There  is  a  fair 
ing  supply  of  available  mineral  food,  but  the  lack  of  ai 
nitrogen  is  severely  felt.  Many  soils  of  a  similar  characte 
be  improved  by  the  course  of  treatment  here  proposed. 

Soils  Nos.  521  (subsoil  522)  and  553  (subsoil  554)  ar 
different  farms  at  Holdefn,  Goodhue  County,  and  have  th 
general  composition.  Both  have  been  cultivated  for  abou 
years  to  wheat,  oats,  barley  and  corn.  Moderate  amounts 
nure  have  been  used,  and  some  clover  and  timothy  hav 
produced  on  soil  No.  521.  The  soils  are  well  supplied  with 
and  lime;  a  part  of  the  lime  is  in  the  form  of  carbonate 
phosphoric  acid  percentages  are  somewhat  lower  than  thos< 
in  many  soils,  but  from  the  crops  produced  there  is  no  e^ 
of  want  of  available  phosphoric  acid.  The  humus  content ' 
surface  soils  is  high.  In  the  case  of  soil  No.  553  a  separate 
mination  showed  that  75  per  cent,  of  the  total  phosphor 
was  extracted  along  with  the  humus.  It  is  probably  the 
forms,  of  phosphoric  acid  which  supply  the  crops  with  a^ 
phosphates.  The  available  lime  and  other  basic  materials 
soil  have  a  tendency  to  render  the  humic  phosphates  avail 

Soil  No.  555  (subsoil  556)  from  Zumbrota,  Goodhue  ( 
has  been  cultivated  forty  years;  the  land  was  originally  < 
with  oak.  Wheat  has  been  one  of  the  main  crops  grown,  j 
land  has  been  manured  only  twice  during  its  cultivation, 
hay  has  been  raised  and  the  land  has  been  pastured.  The 
characterized  by  a  good  content  of  lime  and  magnesia  in 
forms,  and  liberal  amounts  of  potash  and  phosphoric  acid 
nature  of  cropping  to  which  this  soil  has  been  subjected  1 
resulted  in  conserving  the  nitrogen  and  humus,  both  of 
have  been  reduced  below  the  amounts  found  in  the  best  i 
this  locality.  If  given  the  same  treatment  as  recommenc 
soil  No.  616  larger  crops  would  be  secured. 

Soil  No.  577  (subsoil  578)  Red  Wing,  Goodhue  Coun 
been  cropped  to  wheat,  com,  oats,  barley,  and  grass  for  thh 
years.    Manure  has  been  sparingly  used  and  good  crops  ha^ 
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>duced.    The  subsoil  is  rich  in  lime,  which  is  present  both  as 
bonate  and  sulphate.     The  potash  and  phosphoric  acid  are 
isent  in  reasonable  amounts,  and  in  available  forms  because 
the  balanced  character  of  the  soil  constituents.     There  still 
lains  a  good  supply  of  nitrogen  which  readily  becomes  avail- 
e  because  of  the  presence  of  sufficient  basic  matter. 
5oils  Nos.  572  and  573  (subsoil  574)  from  Stanton,  Goodhue 
iinty,  are  all  well  stocked  with  plant  food.    The  soils  are  well 
>plied  with  lime  in  the  form  of  carbonate.     Soil  No.  572  has 
eived  better  treatment  in  the  way  of  manuring  and  cropping 
n  soil  No.  573.    The  soils  have  shown  themselves  to  be  par- 
ilarly  adapted  to  com,  culture  and  they  have  also  produced 
kI  crops  of  sugar  beets.     The  nitrogen  percentages  are  high, 
I  the  deep  green  color  of  all  the  vegetation  indicates  that  there 
XI  abundance  of  nitrogen  in  available  forms, 
ioil  No.  515  (subsoil  516)  from  Hammond,  Wabasha  County, 
been  cultivated  about   forty  years.     At  first  small  grains 
•e  raised  but  during  more  recent  years  mixed  farming  has  been 
owed.     The  soil  although  underlaid  with  limestone 'does  not 
tain  as  much  active  basic  material  as  do  many  soils  from  the 
le  locality.    Both  the  surface  and  the  subsoil  give  slightly  acid 
:tions.    Good  crops  have  been  produced  and  the  soil  shows  a 
d  content  of  total  nitrogen  and  phosphoric  acid, 
oil  No.  503  (subsoil  504)  has  the  same  general  composition 
characteristics  as  soils  Nos.  515  and  516.    The  soil  (503)  was 
:inally  covered  with  oak  and  mixed  timber,  and  has  been  culti- 
id  about  twenty-five  years,  wheat,  oats,  barley,  corn  and  grass 
ig  produced.     The  active  basic  matter  is  not  as  high  as  in 
€•  soils.     Both  the  surface  and  subsoil,  however,  contain  an 
sually  high  per  cent,  of  phosphoric  acid. 
Ml     No.  618  (subsoil  619)  from  Kellogg,  Wabasha  County, 
been  cultivated  thirty-five  years.     The  land  was  originally 
red  with  "scrub"  oak.    Fair  crops  have  been  produced,  com 
oats  giving  the  best  yields.    Both  the  surface  and  subsoil  give 
itly  acid  reactions.    P>om  the  analysis  it  would  appear  that 
t  of  the  lime  is  in  the  form  of  sulphate  than  carbonate.    There 
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is  a  good  store  of  nitrogen  and  phosphoric  acid,  and  a  reas 
amount  of  potash.  If  the  soil  contained  more  active  basic  r 
the  plant  food  would  be  in  more  available  forms,  and 
crops  could  be  produced.  The  use  of  wood  ashes  upon  i\ 
would  be  beneficial  for  certain  crops  as  it  would  increa 
supply  of  basic  matter. 

Soils  Nos.  596,  597,  and  598  were  taken  from  different 
at  Stockton,  Minn.  These  soils  were  from  sugar  beet  fields 
was  desired  to  learn  why  there  was  such  a  difference 
sugar  content  of  the  beets  from  the  different  fields. 
nearly  similar  conditions  soil  No.  598  produced  beets  wit 
per  cent,  sugar,  while  soil  No.  597  yielded  beets  with  13 
cent,  sugar,  and  the  beets  on  soil  No.  596  showed  only  u 
cent,  sugar.  The  chemical  analyses  of  the  three  soils  sho 
soil  No.  598  is  characteristically  rich  in  limestone,  while  i 
Nos.  596  and  597  there  is  only  a  minimum  amount  of  activ 
There  is  only  a  slight  variation  in  the  potash  content  of  th< 
soils.  Soil  No.  597  contains  more  nitrogen  and  phos 
acid  tharf  No.  596.  The  soil  (598)  which  produced  beet 
the  highest  content  of  sugar  contained  the  most  lim 
bonate.  It  is  evident  that  for  the  culture  of  sugar  beets  a  < 
selection  should  be  made  of  the  soil  upon  which  the  beets 
be  grown.  Sugar  beets  thrive  best  on  loam  soils  well  stocke 
lime.  There  are  large  areas  of  such  soils  in  this  state.  Sc 
598  is  what  may  be  termed  a  well  balanced  soil,  capa 
producing  a  variety  of  crops  because  of  the  available  form 
plant  food. 

Soil  No.  567  (subsoil  568)  from  Moscow,  Freeborn  C 
was  originally  covered  with  oak  and  has  been  cultivated  1 
five  years ;  wheat,  oats,  barley  and  corn  being  grown  in  ra 
Manure  was  applied  to  each  com  crop.  The  soil  is  in  ; 
ductive  condition  and  is  well  supplied  with  available  plant 
A  separate  determination  of  humic  phosphoric  acid  show 
about  80  per  cent,  of  the  total  is  associated  with  the  humus. 

Soil  No.  594  from  Albert  Lea  was  taken  from  a  field  tha 
duced  sugar  beets  with  a  higti  content  of  sugar.     The  soil  is 
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acteristically  rich  in  nitrogen  and  phosphoric  acid  and  contains 
the  acid  and  basic  constituents  in  a  well  balanced  condition.  The 
soil  was  originally  timbered  with  oak  and  has  produced  good 
crops  of  small  grains  and  grass.  Soil  No.  592  is  from  the  same 
locality  and  has  been  heavily  manured.  The  difference  in  the 
content  of  htunus  and  of  volatile  matter  of  the  two  soils  is  par- 
ticularly noticeable.  But  few  soils  have  been  examined  which 
contain  such  a  high  per  cent,  of  vegetable  matter  in  humic  forms  as 
No.  592.  The  soil  gave  a  neutral  reaction,  but  the  subsoil  showed 
a  slightly  acid  reaction.  The  soil  is  unusually  well  supplied  with 
plant  food.  Beets  produced  upon  this  soil  gave  a  large  yield  per 
acre  and  tested  14.  i  per  cent,  sugar.  The  liberal  amount  of  plant 
food  resulted  in  the  production  of  a  beet  crop  of  large  yield  per 
acre  rather  than  one  of  high  sugar  content. 

The  soils  from  Oakland,  Freeborn  County,  were  taken  from 
places  from  a  half  mile  to  two  and  a  half  miles  apart.  Soil  No. 
581  was  from  a  cultivated  field.  The  nitrogen  determinations 
were  repeated  by  different  analysts  because  such  an  unusually 
high  percentage  was  found.  Cultivated  fields  are  rarely  found 
with  as  much  nitrogen.  The  soil  belongs  to  the  lime  type  and  is 
well  supplied  with  plant  food.  Soil  No.  584  exhibits  the  same 
general  characteristics  as  No.  581.  The  sample  was  taken  from 
a  sugar  beet  field.  This  soil  is  unusually  rich  in  lime  and  magnes- 
itmi  carbonates. 

Soil  No.  519  has  raised  three  crops  since  it  was  cleared  of  the 
oak  timber  and  brought  under  cultivation.  It  is  well  supplied  with 
lime  carbonate  and  potash  and  the  indications  from  the  chemical 
analysis  are  that  the  soil  is  well  supplied  with  plant  food.  While 
there  is  less  total  phosphoric  acid  than  is  contained  in  many  soils 
the  per  cent,  is  not  so  low  as  to  cause  any  concern  about  this 
element. 

Soil  No.  533  (subsoil  534)  from  Waltham,  Mower  County,  has 
been  cropped  for  eighteen  years  to  flax,  wheat,  oats  and  barley. 
Of  late  years  the  "land  has  been  in  pasture  and  meadow.  No 
manure  has  ever  been  used.  Considering  the  nature  of  cropping 
and  the  fact  that  no  manures  have  been  used  the  nitrogen  and 
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humus  percentages  are  exceptionally  high.  The  soil  contains  a 
amount  of  active  alkaline  matter  but  is  not  overstocked, 
subsoil  gives  a  slightly  acid  reaction.    Good  crops  have  been 
duced ;  the  soil  appears  to  be  specially  adapted  to  the  growt 
barley,  oats  and  timothy. 

Soil  No.  626  (subsoil  627)  from  Brownsdale,  Mower  Coi 
originally  an  open  prairie  soil,  has  been  cultivated  forty  yeai 
wheat,  oats,  barley,  corn  and  flax.  Manure  has  been  used  a 
every  six  years  and  good  crops  have  always  been  produced, 
soil  is  well  supplied  with  humus  and  nitrogen.  The  surface 
gives  a  slightly  acid  reaction  and  the  analysis  indicates  that  t 
is  not  a  large  amount  of  lime  carbonate  or  sulphate  present) 
from  the  nature  of  the  crops  produced  there  is  no  evidenc 
lack  of  available  plant  food.  The  frequent  manuring  of  the 
crop  is  what  has  kept  this  soil  in  its  high  state  of  productive) 

Soil  No.  633  from  Kedron,  Fillmore  County,  was  taken  i 
a  low  place.  There  is  nearly  6  per  cent,  of  calcium  carbc 
in  this  soil.  The  amount  of  volatile  matter  is  exceedingly  1 
due  to  the  large  amount  of  vegetable  matter  present.  The 
gives  a  neutral  reaction.  There  is  a  large  amount  of  plant  i 
and  the  soil  is  in  a  well  balanced  condition  as  far  as  acid  and  1 
constituents  are  concerned. 

Soil  No.  505  (subsoil  506)  from  Alma  City,  Waseca  Cot 
contains  an  unusually  high  per  cent,  of  phosphoric  acid, 
potash  and  lime  carbonate  content  is  not  as  large  as  could  be 
sired,  and  the  soil  appears  to  be  a  little  weak  in  active  1 
material.  Both  the  surface  and  subsoil  give  slightly  acid  reacti 
The  soil  has  produced  good  crops,  but  any  decline  in  ] 
should  be  followed  by  the  use  of  some  alkaline  fertilizer  as  v 
ashes  or  lime.  The  soil  is  slightly  different  in  character  i 
the  prevailing  type  of  this  locality. 

Soil  No.  561  from  Fainnont,  Martin  County,  contains  in  1 
the  surface  and  the  subsoil  a  good  supply  of  carbonate  of  1 
The  soil  gives  a  neutral  reaction.  This  land  has  been  cultiv 
six  years  to  flax,  wheat,  oats  and  com.  There  is  a  higher 
cent,  of  potash,  and  a  lower  per  cent,  of  phosphoric  acid  than 
usually  found  in  similar  prairie  soils.     The  phosphoric  adc 
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however,  associated  with  the  humus,  as  shown  by  separate  deter- 
minations.    There  is  a  good  balance  of  plant  food  in  this  soil. 

Soil  No.  531  (subsoil  532)  from  St.  James,  Watonwan  County, 
is  a  prairie  soil  that  has  produced  ten  crops  of  flax,  wheat,  oats, 
com  and  barley.  One  application  of  manure  has  been  made  to 
the  com  crop.  The  soil  is  well  supplied  with  plant  food,  which  is 
in  a  balanced  condition.  Both  the  surface  and  subsoil  give  a 
neutral  reaction,  and  are  liberally  supplied  with  lime  carbon- 
ate. The  potash  content  is  high,  and  the  presence  of  the  lime 
carbonate  would  indicate  that  the  potash  is  in  forms  available  for 
crop  growth.  The  soil  has  retained  its  nitrogen  unusually  well, 
considering  it  has  had  ten  years'  grain  cultivation. 

Soils  Nos.  606,  607,  and  608  from  Madelia,  Watonwan  County, 
are  from  different  fields  of  the  same  farm.  The  soils  were 
originally  open  prairie,  and  since  they  have  been  cultivated  have 
shown  decidedly  different  crop  producing  powers.  "Soil  No.  606 
has  produced  fair  crops.  No.  607  good  crops,  while  No.  608  has 
sometimes  produced  poor  crops,  and  sometimes  very  good  crops." 
The  soil  which  produces  the  good  crops  (607)  contains  the  same 
amount  of  phosphoric  acid  and  less  potash  than  the  soil  which 
produces  the  poor  crops  (606).  In  the  soil  which  produces  the 
good  crops  there  is,  however,  twice  as  much  lime  and  magnesia, 
and  a  larger  amount  of  humus  and  nitrogen  than  in  the  poorer 
soil.  Soil  No.  606  is  deficient  in  available  nitrogen,  because  there 
is  not  a  large  total  amount  and  there  is  not  sufficient  basic  matter 
in  the  soil  to  render  this  nitrogen  available.  The  soil  (608)  which 
sometimes  produces  poor  crops  and  sometimes  very  good  crops 
contains  mpre  total  plant  food  than  the  soil  that  always  produces 
good  crops.  Soil  No.  608  contains  a  liberal  amount  of  lime  car- 
bonate and  basic  matter,  and  is  well  supplied  with  nitrogen,  phos- 
phoric acid,  and  potash.  The  unevenness  of  its  productiveness 
would  appear  to  be  due  to  some  physical  condition,  as  poor  drain- 
age, which  in  turn  influences  the  availsibility  of  the  plant  food  by 
preventing  nitrification.  It  would  be  an  advantage  to  grow  some 
strong  feeding  crop,  as  oats,  for  three  or  four  years  on  soil  No. 
608  so  as, gradually  to  get  the  land  into  better  physical  condition 
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for  future  crops.  Many  heavy  prairie  soils  which  are  well  stool 
with  lime  carbonate  sometimes  require  cropping  with  strong ; 
indifferent  feeding  crops,  as  oats,  before  the  necessary  reacti 
between  the  large  amount  of  organic  matter  and  lime  can  t 
place.  Prairie  soils  like  No.  608  invariably  improve  with  ct 
vation. 

Soil  No.  523  (subsoil  524)  from  Norseland,  Nicollet  Coui 
has  been  cultivated  only  a  few  years.  The  soil  contains  a  h 
per  cent,  of  both  nitrogen  and  humus  and  gives  a  neutral  n 
tion.  The  carbonic  anhydrid  content  indicates  that  a  liberal  amo 
of  the  lime  is  in  the  form  of  carbonate.  As  far  as  plant  foo< 
concerned  the  soil  is  well  supplied, 'and  the  plant  food  appears 
be  in  a  balanced  form. 

Soil  No.  559  (subsoil  560)  was  taken  from  four  fields  n 
Winthrop,  Minn.  The  land  had  been  cultivated  twenty-five  year 
wheat,  barley,  oats,  corn  and  flax  and  had  received  one  applicat 
of  manure.  The  soil  is  characteristically  rich  in  limestone,  ; 
gives  a  neutral  reaction.  While  the  nitrogen  and  humus  perc< 
ages  are  very  high,  they  are  less  than  found  in  similar  soils  1 
have  not  been  brought  under  cultivation.  Similar  soils  from 
same  locality  have  produced  sugar  beet  crops  testing  18  per  c 
sugar  and  yielding  twenty  tons  per  acre.  The  high  content 
lime  and  the  balanced  condition  of  the  plant  food  account  for 
adaptability  of  this  soil  to  beet  culture. 

Soil  No.  511  (subsoil  512)  from  Sacred  Heart,  Renville  Coui 
is  a  prairie  soil  that  has  been  cultivated  twenty  years  to  wh 
oats,  and  corn,  manure  being  used  on  the  com  crops.  The  suri 
and  subsoil  both  give  a  neutral  reaction.  The  soil  is  well  supp 
with  carbonate  of  lime  and  the  plant  food  is  present  in  lilx 
amounts  and  in  available  forms.  The  analysis  indicates  that 
acid  and  basic  constituents  are  present  in  a  balanced  cor 
tion.    The  soil  has  invariably  produced  good  crops. 

Soil  No.  599  (subsoil  600)  from  Lynd,  Lyon  County,  is  fr 
an  experimental  plot  on  the  farm  of  Supt.  O.  C.  Gregg.    The_s 
soil  sample  was  taken  at  a  depth  of  three  to  four  feet  from 
surface.    The  large  amounts  of  limestone,  and  potash  and  alkal 
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latter  in  the  subsoil  are  characteristic  features.  The  soil  con- 
Lins  a  very  good  working  supply  of  nitrogen  and  humus,  and  the 
lant  food  is  apparently  in  a  balanced  condition. 

Soil  No.  502  from  Dawson,  Lac  qui  Parle  County,  is  character- 
itically  rich  in  humus,  nitrogen,  potash,  lime  and  phosphoric 
dd.  The  plant  food  is  in  a  well  balanced  condition  because  of  the 
ctive  forms  of  the  lime  and  alkaline  salts. 

Soil  No.  568a  from  Marietta,  Lacqui  Parle  County,  is  not  a 
liaracteristic  soil  of  that  fertile  locality,  but  is  one  representing  pi 

nly  a  limited  area.  The  analysis  shows  a  very  high  per  cent, 
f  sulphuric  anhydrid,  present  in  the  form  of  lime  sulphate  or 
ypsum.  There  is  also  an  abnormal  amount  of  sulphate  of  soda. 
Tie  influence  which  such  a  large  amount  of  gypsum  would  have 
pon  crop  growth  is  difficult  to  tell.  Good  drainage  and  thorough 
ultivation  so  as  to  open  up  the  land  and  allow  the  alkali  to 
rain  away  would  be  the  best  treatment  that  this  soil  could  re- 
eive. 

Soil  No.  624  (subsoil  625)  from  Willmar,  Kandiyohi  County,  is 
nusually  well  supplied  with  humus,  nitrogen,  phosphoric  acid 
nd  potash.  The  subsoil  contains  over  22  per  cent,  of  lime  and 
lagnesium  carbonates.  The  soil  has  produced  good  crops  of 
/heat,  oats  and  small  grains.  Timothy  has  also  been  grown, 
^ere  is  a  high  per  cent,  of  plant  food  in  available  forms  because 
he  soil  has  such  a  well  balanced  composition  and  contains  a  lib- 
ral  amount  of  active  basic  matter.  With  a  good  system  of  crop 
otation  soils  like  No.  624  will  stand  very  heavy  cropping. 

Soil  No.  537  (subsoil  538)  from  Bigstone,  Bigstone  County, 
las  raised  twenty  crops  since  the  original  prairie  sod  was  broken, 
rhe  soil  has  produced  good  crops  of  wheat,  flax,  oats  and  millet. 
Hie  soil  is  in  a  good  state  of  productiveness,  although  the  nitrogen 
las  been  considerably  reduced  below  the  original  amount.  There 
s  a  good  supply  of  phosphoric  acid  and  of  lime  lYi  an  active  form. 
Vs  long  as  the  nitrogen  is  kept  up  there  will  probably  be  no  de- 
:line  in  crop  yields. 

Soils  Nos.  588  (subsoil  589)  and  590  (subsoil  591)  are  from 
Pennock,  Kandiyohi  County.     Soil  No.  588  has  been  cultivated 
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twenty-seven  years,  while  soil  No.  590  has  never  been  cu 
The  soils  are  somewhat  dissimilar  in  general  texture  ai 
position  so  that  conclusions  cannot  be  drawn  as  to  the  i 
of  cultivation.  Soil  No.  588  produced  seventeen  consecuti' 
of  wheat  and  four  crops  of  oats  and  was  then  seeded  dc 
used  for  meadow  and  pasture,  and  finally  plowed  up  and 
flax.  Both  the  surface  and  subsoil  are  well  supplied  with 
the  form  of  carbonate.  The  soil  contains  a  good  stock  ( 
food  in  a  well  balanced  condition.  The  uncultivated  soil  ( 
materially  richer  in  nitrogen  and  evidently  contains  a  mor 
amount  of  plant  food  than  was  originally  present  in  soil  1 
Soil  No.  588  gives  a  slightly  acid  reaction,  while  the  st 
neutral.  Soil  No.  590  and  the  corresponding  subsoil  a 
alkaline.  Subsoil  No.  591  contains  a  high  content  of  lime 
ate.  While  the  phosphoric  acid  content  of  the  subsoih 
high,  the  surface  soils  contain  a  more  liberal  amount, 
portion  of  which  is  combined  with  the  humus. 

Soil  No.  620  (subsoil  621)  from  Lintonville,  Kandiyohi 
contains  a  high  per  cent,  of  nitrogen  and  humus,  as  well  aj 
and  phosphoric  acid.  The  surface  soil  gives  a  neutral  react 
is  well  stocked  with  active  alkaline  matter.  Although  the 
contains  ,72  per  cent,  of  lime  the  larger  portion  of  it  is  in  tl 
of  silicate,  and  is  inactive.  The  subsoil  gives  a  slightly  ; 
action.  The  soil  has  produced  good  crops  and  from  all  ind 
is  well  supplied  with  plant  food. 

Soil  No.  609  from  Benson,  Swift  County,  has  been  st 
to  wheat  culture  for  a  number  of  years.  While  the  r 
content  is  somewhat  reduced,  the  soil  still  continues  to  ] 
satisfactory  crops  of  wheat.  There  is  a  good  working  su 
lime  carbonate  in  the  soil,  and  also  a  liberal  amount  of  pho 
acid.  The  acid  and  basic  constituents  are  well  balancec 
physical  and  chemical  composition  would  indicate  that  th( 
particularly  well  adapted  to  the  production  of  grass  and  hi 
chemical  analysis  would  indicate  that  a  chaise  in  metl 
culture  would  be  desirable  so  as  to  increase  the  stock  of^n 
and  humus. 
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Soil  No.  525  (subsoil  526)  from  Hegbert,  Swift  County,  is  a 
)rairie  soil  that  has  produced  only  one  crop  of  wheat.  The  soil 
s  unusually  rich  in  humus  and  nitrogen,  and  the  subsoil  contains 
)ver  25  per  cent,  of  lime  and  magnesium  carbonates.  There  is 
L  high  per  cent,  of  alkaline  matter  in  the  subsoil.    The  composition  ; 

vould  indicate  that  the  soil  is  rich  in  plant  food  and  that  there 
s  a  good  supply  in  available  forms.  Many  soils  like  No.  525 
»ntain  so  much  plant  food  that  when  they  are  first  brought  f/fj^^ 

mder  cultivation  trouble  arises  from  the  excess  of  fertility  pro- 
ludng  a  rank  growth  of  straw  and  subsequent  lodging  of  the 
Top. 

Soil  No.  551  (subsoil  552)  is  from  Starbuck,  Pope  County, 
rhe  land  has  been  cultivated  twenty -years  to  wheat  and  com, 
nanure  being  applied  every  four  years  to  the  com  land.  The 
«>il  shows  a  high  percentage  of  nitrogen  and  humus.  About  75 
)er  cent,  of  the  phosphoric  acid  is  combined  with  the  humus. 
Dnly  a  relatively  small  amount  of  the  lime  is  in  the  form  of 
arbonate;  both  the  surface  and  subsoil  give  a  neutral  reaction, 
rhe  physical  and  chemical  analysis  would  indicate  .that  the  soil 
s  better  suited  to  the  culture  of  barley  or  oats  than  to  the  ex- 
Jusive  growth  of  wheat,  as  has  been  practiced. 

Soil  No.  517  (subsoil  518)  from  Pelican  Rapids,  Otter  Tail 
Zounty,  has  produced  eight  crops  of  wheat  since  the  oak  and 
)ther  timber  were  cleared  from  the  land.  The  surface  and  subsoil 
ire  both  well  supplied  with  lime  carbonate  and  potash  compounds, 
rhere  is  a  good  store  of  plant  food,  including  nitrogen  and  the 
soil  is  in  a  well  balanced  condition.  It  would  be  desirable  to 
i)egin  rotating  the  crops  at  this  point  in  the  cultivation  rather 
than  to  continue  exclusive  wheat  culture,  as  is  frequently  done 
until  the  nitrogen,  humus,  and  available  plant  food  are  reduced 
^low  the  point  required  for  the  production  of  good  crops. 

Soil  No.  571  is  from  Becker  County,  Minn.  The  soil  is  well 
supplied  with  plant  food,  and  while  the  amount  of  lime  carbonate 
is  low,  there  are  no  indications  of  lack  of  alkaline  matter.  The 
soil  gives  a  neutral  reaction.  Many  soils  of  this  character,  rich 
in  nitrogen,  humus,  and  other  forms  of  vegetable  matter  cause 
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some  trouble  when  j&rst  brought  under  cultivation  due  to  lac 
perfect  drainage  rather  than  to  a  fault  in  chemical  composi 
The  nitrogen  and  humus  have  been  preserved  because  of 
presence  of  water,  and  when  the  land  is  first  drained  a  few  y 
of  culture  are  sometimes  necessary  before  the  reserve  fert 
becomes  available. 

Soil  No.  632  from  Vining,  Otter  Tail  County,  contains  a  { 
working  supply  of  plant  food.  While  the  percentage  amount 
nitrogen  and  phosphoric  acid  arc  not  large  there  is  a  reason 
amount  which  can  be  kept  in  available  forms  provided  a  { 
rotation  is  followed  and  farm  manures  are  used.  The  elcm 
are  present  in  a  well  balanced  condition,  and  in  general  the 
conforms  to  type  No.  2,  previously  discussed. 

Soils  Nos.  612,  613  and  614  (subsoil  615)  from  Lockhast,  ] 
man  County  ,represent  different  types  of  soil  from  the  Red  F 
Valley.  The  composition  of  the  soils  from  this  part  of  the 
i3  discussed  in  detail  in  former  bulletins  (Nos.  36  and  41). 
No.  614  has  produced  exceedingly  good  crops  of  grain  and  ms 
considered  average  Red  River  Valley  soil.  Soil  No.  612  is 
normal  soil,  but  from  higher  ground,  while  No.  613  is 
similarly  situated,  which  refuses  to  produce  grain,  only  an 
casional  weed  being  found.  Soil  No.  612  is  exceedingly  ric 
plant  food,  particularly  in  nitrogen  and  phosphoric  acid.  T 
is  nearly  10  per  cent,  of  lime  and  magnesium  carbonates  pre 
In  the  soil  which  refuses  to  produce  crops  abnormal  amouni 
soda  and  sulphuric  anhydrid  are  present  in  the  form  of  sulp 
of  soda,  a  soluble  compound  which  prevents  the  growth  of  \ 
tation.  The  presence  of  sulphate  of  soda  was  proved  by  analy 
the  aqueous  extract  of  the  soil.  In  the  productive  soils 
percentages  of  soda  and  sulphuric  acid  are  materially  less  tto 
soil  No.  613.  Sulphate  of  soda  is  not  as  difficult  and  destru< 
an  "alkali"  to  deal  with  as  carbonate  of  soda.  Directions  foi 
treatment  of  alkali  soils  are  given  in  bulletin  No.  41.  The 
analyses  have  been  pf  material  value  in  determing^ng  the  caus( 
the  unproductiveness  of  the  small  areas  of  soil  like  No.  613,  iw 
are  found  occasionally  in  this  fertile  region. 
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5(ril  No.  569  (subsoil  570)  from  Kennedy,  Kittson  County,  has 
>dwced  eight  crops  of  grain.  This  soil,  like  soils  in  general 
m  the  Ked  River  Valley,  is  characteristically  rich  in  nitio;^en, 
Dsphoric  acid,  potash  and  lime  canxmute.  The  soil  gives  a 
Jlitly  alkaline  reaction,  and  while  there  is  over  i  per  cent,  of 
tash  present  it  is  not  in  forms  destructive  to  plant  growth.  A 
1  with  .60  per  cent  of  total  nitrogen  is  not  frequently  met 
th,  a  high  per  cent,  of  nitrogen,  however,  is  not  an  exception. 
c  a  general  feature  of  the  Red  River  Valley  soils.  Lawes  and 
Itcrt,  in  the  examination  of  the  Red  River  Valley  soils  on  the 
nadian  side,  also  report  very  high  nitrogen  percentages.  The 
leslone  and  mildly  alkaline  salts,  combined  with  remains  of 
TOcr  vegetation,  and  a  high  per  cent,  of  phosphoric  acid  are  the 
lors  which  give  these  soils  their  high  fertility. 
Soil  No.  611  from  Park  Rapids,  Hubbard  County,  is  a  type  of 
m  soil  that  contains  a  fair  amount  of  plant  food.  The  soil  is  one 
considerable  depth  and  its  loamy  character  enables  the  crops 
draw  upon  a  relatively  large  amount  of  soil  area  for  food  pur- 
ses. In  order  to  keep  up  the  standard  of  fertility  in  a  soil  like 
).  6x1,  particular  attention  should  be  given  to  maintaining  the 
mus  by  crop  rotation  and  by  the  use  of  farm  manures. 
Soil  No.  509  (subsoil  510)  from  Wyanett,  Isanti  County,  is 
sandy  soil  originally  covered  with  mixed  timber.  It  has  pro- 
ced  good  crops  of  potatoes  and  early  vegetables.  The  future 
xiuctiveness  of  soils  like  No.  509  depends  entirely  upon  the 
y  the  land  is  farmed.  Good  crops  of  early  market  garden 
ick  can  be  produced,  providing  the  proper  use  is  made  of  crops 
d  manure. 

Soil  No.  579  (subsoil  580)  from  Becker  Station,  Sherbum 
>unty,  has  been  cultivated  twenty  years,  mainly  to  com.  The 
ady  surface  soil  is  underlaid  with  clay  at  a  depth  of  about 
ur  feet.  While  this  soil  does  not  contain  high  percentage 
loiints  of  plant  food,  it  contains  a  greater  total  amount  than  some 
avy  clays,  because  its  permeable  nature  brings  the  roots  into 
ntact  with  a  larger  area  of  soil  than  would  be  the  case  with 
avy  clay.     This  soil  has  never  been  manured,  and  its  future 
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productiveness  is  greatly  impaired  because  of  the  loss  of 
which  has  necessarily  resulted  from  the  land  being  cont 
under  the  plow.     Similar  soils  that  have  not  prodttced  on 
exclusively  show  larger  amounts  of  nitrogen. 

Soil  No.  575  (subsoil  576)  from  near  Little  Falls,  M< 
County,  has  never  been  cultivated.  The  land  is  partially  tir 
with  white  and  red  oak  and  some  poplar,  and  produ 
heavy  growth  of  native  grass.  The  soil  contains  a  fair 
of  plant  food  in  a  well  balanced  fonn.  In  the  surface  soil  a 
the  lime  is  in  the  form  of  limestone.  From  the  chemic 
mechanical  analyses  oats,  timothy  and  grasses  would  seen 
the  most  suitable  farm  crops  to  be  grown.  The  soil  will 
up  readily  in  the  spring  and  can  be  made  to  produce  good 
of  garden  truck.  The  chemical  analysis  does  not  show  t 
to  possess  any  vital  weakness.  It  is  richer  in  plant  foo 
many  soils  now  being  cultivated. 

Soils  Nos.  540  (subsoil  541),  544  (subsoil  545),  and  54S 
soil  549)  are  from  the  farm  of  the  Grand  Rapids  Subs 
The  farm  contains  a  variety  of  soil  types  and  these  samp 
from  the  plots  used  for  experimental  purposes.  Soil  No.  5 
subsoil  No.  549  give  slightly  acid  reactions,  while  Nos.  5. 
545  are  neutral.  Soil  No.  544  contains  the  most  plant  f 
the  best  balanced  form.  Since  these  soils  are  to  be  subje< 
careful  experimental  tests,  a  better  opportunity  will  be  affoi 
discuss  their  composition  and  comparative  crop  producing  ] 
in  future  bulletins. 

Soils  Nos.  600  (subsoil  601)  and  602  (subsoil  603)  fr( 
Cloud,  Stearns  County,  have  been  cultivated  for  seven  ai 
years,  respectively.  Soil  No.  600  contains  a  better  st< 
volatile  matter  and  nitrogen  than  soil  No.  602.  The  1 
water  in  subsoil  No.  603  is  from  four  to  twelve  feet  frc 
surface,  which  enables  crops  grown  upon  this  soil  to  have 
most  inexhaustible  supply  of  water.  These  soils  have  pn 
crops  of  corn,  oats  and  potatoes.  The  chemical  and  mecl 
composition  of  the  soils  would  indicate  that  they  are  best  a 
to  the  culture  of  early  market  garden  truck.  Soil  No.  600  i 
suitable  for  general  farming  purposes  than  soil  No.  602. 
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Soil  No.  630  (subsoil  631)  was  originally  covered  with  oak  and 
as  been  cultivated  thirty-five  years,  manure  being  used  every 
ve  or  six  years.  Fair  crops  of  com  and  small  grains  have  been 
reduced.  The  soil  contains  a  good  working  supply  of  plant  food. 
Tiere  is  a  good  content  of  lime  carbonate  in  both  the  surface 
tid  subsoil.    The  plant  food  appears  to  be  in  a  balanced  condition. 

Soil  No.  529  (subsoil  530)  has  produced  fifteen  crops  of  grain, 
egetables  and  potatoes  since  the  land  was  cleared  of  the  native 
ardwood  timber.  There  is  a  good  supply  of  lime  carbonate  in 
Dth  surface  and  subsoil,  and  a  high  content  of  phosphoric  acid, 
he  soil  is  amply  supplied  with  .plant  food.  In  the  subsoil  there  is 
)mewhat  less  fine  earth  than  in  the  surface  soil;  hence,  it  will 
e  necessary  to  maintain  a  full  content  of  humus  in  the  surface 
)il  so  as  to  enable  it  to  retain  water  and  to  prevent  crops  suflFer- 
ig  from  drought.  This  soil  is  particularly  adapted  to  corn,  oats, 
Dtatoes  and  vegetables,  and  will  also  produce  good  crops  of  grass 
id  hay. 


NOTES  ON  METHODS  OF  ANALYSIS. 

The  methods  adopted  by  the  Association  of  Official  Agricultural 
hemists  were  used  in  making  the  soil  analyses  reported  in  this 
illetin.  The  acid  digestion  however,  was  carried  on  for  thirty- 
X  hours  instead  of  ten.  Particular  attention  was  given  to  the 
ne,  potash,  phosphoric  acid  and  nitrogen  determinations.  The 
me  was  precipitated  in  the  usual  way,  but  instead  of  weighing  as 
irbonate  (  ?)  the  lime  was  dissolved  and  titrated  with  standard 
)tassium  pennanganate.  The  potash  was  redissolved  and  weighed 
xording  to  the  method  described  by  Fresenius ;  this  was  found 
xessary  because  the  impurities  in  many  cases  were  found  to 
ifluence  the  results.  The  separation  and  determination  of  the 
>tash  are  the  most  troublesome  problems  in  soil  analysis. 
In  the  determination  of  the  phosphoric  acid,  the  disturbing  in- 
nence  of  aluminia  was  frequently  observed,  and  it  was  necessary 
I  many  cases  to  modify  the  usual  process  so  as  to  remove  the 
uminia.  In  some  soils,  particularly  those  with  large  amounts  of 
rganic  matter  the  hydrochloric  acid  failed  to  remove  all  of  the 
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phosphoric  acid  because  of  the  insoluble  combinations  oi 
mus  and  phosphoric  acid  In  such  cases  sulphuric  acid 
posed  by  Goss  was  used.  The  nitrogen  determination! 
made  in  the  usual  way,  except  that  copper  flasks  were  used 
distillation  because  of  the  frequent  losses  by  breakage.  Tl 
amount  of  insoluble  residue  from  soils  causes  f requenl 
from  breakage  of  distilling  flasks.  Many  of  the  analys( 
made  in  duplicate,  particularly  the  nitrogen,  phosphoric  ac 
ash  and  lime  determinations.  All  results  are  given  on  tl 
of  "dry  soir*  and  not  "air  dry  soil." 
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THE  MECHANICAL  COMPOSITION  OF  SOIL! 


HARRY   SNYDER. 


r 


I 


In  addition  to  the  chemical  analyses,  mechanical  anaylses 
been  made  of  the  principal  soil  types  of  the  state.  The  obj 
a  chemical  analysis  is  to  determine  the  percentage  amoui 
the  various  elements  and  simpler  compounds  of  which  a  ! 
composed  In  a  mechanical  analysis  the  aim  is  to  separate  tl 
particles  into  different  grades  as  sand,  silt,  and  clay,  a 
determine  the  percentage  amount  of  each  grade  of  particle 
study  of  the  chemical  composition  of  a  soil  deals  mainly  \vi 
form  and  amount  of  plant  food,  while  a  study  of  the  mech 
composition  relates  more  to  the  physical  properties,  as  r€ 
of  the  soil  to  water,  and  influences  of  heat  and  cold.  Wh( 
chemical  and  the  mechanical  composition  of  a  soil  are  jointl 
sidered  more  valuable  results  are  secured  than  when  each  is 
ately  considered. 

The  physical  properites  of  a  soil,  as  capacity  for  storii 
water,  permeability,  and  resistance  offered  to  implements,  a 
termined  largely  by  the  number  and  size  of  the  soil  particli 
has  been  estimated  that  a  gram  of  clay  soil  (a  five  cent 
weighs  five  grams)  contains  20,000,000,000  soil  particles,  m 
similar  amount  of  sandy  soil  contains  from  2,500,000,000  to  ' 
000,000  or  more  particles.  Since  the  water  which  a  soil  cont 
held  either  as  a  film  upon  the  surface  or  in  the  capillary 
between  the  soil  particles,  it  naturally  follows  that  the  amo 
water  which  a  soil  is  capable  of  containing,  as  also  ability 
soil  to  retain  this  water,  is  dependent  upon  the  number,  ar 
of  the  soil  particles  and  their  relation  to  each  other. 

Ordinarily  soils  are  described  as  sand,  clay,  or  loam,  acc< 
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>  the  prevailing  kinds  of  particles  present.  In  a  mechanical 
nalysis  the  particles  are  divided  according  to  size  into  six  grades 
5  follows : 

Size  in  Inches.  Size  in  Millimetert. 

.  Coarse  sand  or  skeleton  .04     to  .02  1.        to  .5 

.  Medium  sand 02      **  .01  .5       "  .25 

.  Fine  sand 01      **  .004  .25     "  .10 

.Very  fine  sand 004    ".002  .10     **  .05 

.  Silt 002    "  .0002  .05     "  .005 

.  Clay 0002  and  less  .OOSandless 

This  division  is  purely  an  arbitrary  one,  and  while  it  is  of  value 
1  many  ways  it  is  hoped  that  a  division  founded  upon  some 
itional  basis  will  in  the  near  future  be  adopted  and  used. 

The  separation  of  the  three  grades  of  sand  is  effected  by  means 
f  sieves  with  holes  .5,  .25,  and  .1  millimeters  in  diameter.    In  this 


It 


Mi 


I 


Pig.  No.  1.    Pebble  Stones.    Natural  sixe. 

ork  the  very  fine  sand,  silt  and  clay  were  separated  by  centri- 
igal  force  and  sedimentation — a  very  slow  process.  The  micro- 
»pe  was  used  to  determine  when  the  separations  were  reasonably 
)mplete.  An  absolute  separation  into  the  different  grades  of 
irticles  can  only  be  approximated  in  practice.  Invariably 
)me   of  the  fine   clay   adheres   to   the    coarse    particles,     or 
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some  of  the  larger  particles  refuse  to  be  separated  from  the 
ler  ones.  The  methods  employed  in  the  mechanical  analy 
soils  do  not  allow  of  absolute  separations.  While  the  perce 
results  equal  loo  there  is  always  more  or  less  overlapping  < 
different  groups  of  particles. 

Soils  which  contain  appreciable  amounts  of  clay,  lime  carb 
and  vegetable  matter  are  difficult  to  analyze,  inasmuch  as  a 
anical  mixture  is  formed  which  will  not  allow  separation  b< 
of  the  cement-like  nature  of  the  material.  The  mechanic 
alyses  reported  in  this  article  were  made  during  the  sumn 
1895.  The  separation  of  the  silt  and  clay  of  some  of  tht 
frequently  required  a  week's  time  and  then  the  microscope 
fail  to  show  as  complete  a  separation  as  could  be  desire( 
fact  the  methods  employed  for  the  mechanical  analysis  of  sc 
not  admit  of  the  same  degree  of  accuracy  as  the  methods 
for  the  chemical  analysis. 

Clay. — The  term  clay  as  used  in  the  physical  analysis  of 
applies  to  those  microscopic  particles  .5  m.m.  (.0002  of  an 


rig.  No   2.     Soil  Particles  X  326  times. 
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is  in  many  respects  more  desirable  than  either  pure  clay  or  pure 
silt.  Many  of  the  subsoils  of  this  state,  which  are  clay-like  in 
character,  are  composed  mainly  of  silt. 

Sand. — In  the  tables,  four  grades  of  sand  are  given,  the  diame- 
ter of  the  largest  sized  coarse  sand  particles  being  twenty  times 
that  of  the  very  fine  sand.  The  fine  and  very  fine  sand  impart  de- 
sirable properties  to  the  soil.  When  the  fine  and  very  fine  sand 
are  imbedded  in  silt  and  clay  a  mixture  is  formed  which  is  easily 
tilled,  retentive  of  water,  and  offers  the  least  resistance  to  the 
growth  of  the  roots  of  crops. 

INTERPRETATION  OF  RESULTS. 

When  examining  the  results  of  a  mechanical  soil  analysis,  the 
relation  existing  between  the  sand,  silt,  and  clay  particles  should 
be  considered,  rather  than  the  percentage  amounts  of  each  indi- 
vidual ingredient.  For  example,  a  prairie  soil  containing  lo  per 
cent,  clay,  40  per  cent  silt,  and  30  per  cent,  of  fine  and  very  fine 
sand  IS  equally  as  suitable  for  corn  production  as  one  containing 
18  per  cent,  clay,  25  per  cent,  silt  and  37  per  cent,  of  fine  and 
very  fine  sand.  The  large  and  small  particles  in  these  two  soils 
will  form  masses  which  have  very  similar  physical  properties. 
The  small  amount  of  clay  in  the  one  soil  is  compensated  for  by  a 
larger  amount  of  silt  and  less  sand.  Infallible  rules  for  the  in- 
terpetation  of  the  results  of  the  mechanical  analyses,  applicable  to 
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or  less  in  diameter.  The  physical  properties  of  clay  are  well 
known.  The  clay  in  a  soil  may  be  looked  upon  as  the  "binding 
materiar'  or  the  particles  which  fit  in  between  the  grains  of  sand, 
making  a  more  compact  mass  capable  of  holding  a  larger  amount 
of  water.  A  certain  amount  of  clay  is  very  desirable,  but  if  a 
soil  contains  too  much  (50  per  cent.),  poor  drainage  results  and 
the  soil  is  a  difficult  one  to  work.  ^ 

Silt. — The  silt  particles  are  those    which    are  a    size    larger 
than  the  clay.     The  fine  particles  found  in  drains  where  water  P 

moves  very  slowly  are  mainly  silt     Silt  is  between  sand  and  clay  f  ^ 

in  properties,  and  also  acts  as  a  binding  material  although  it  does  •  jf   ; 

not  fonn  as  compact  a  mass  as  clay.    A  mixture  of  clay  and  silt  ;  A 


I. 
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all  kinds  of  soil,  cannot  be  given,  because  there  are  so  many  n 
fying  factors  which  are  capable  of  influencing  the  results.  T 
lustrate,  two  soils  may  have  nearly  the  same  mechanical  comi 
tion,  but  if  one  soil  contains  3  per  cent,  or  more  of  lime  a  modif 
factor  is  introduced.  The  lime  causes  the  large  and  small  part 
to  cement  and  form  more  compact  masses.  Soil  No.  568a, 
taining  a  large  amount  of  gypsum,  may  be  cited  as  an  exti 
case  where  an  excess  of  lime  sulphate  imparts  undesirable  pre 
ties.  In  many  of  the  prairie  soils  carbonate  of  lime  is  preset 
the  extent  of  .50  per  cent,  or  more.  The  lime  is  in  a  fine  stal 
division  and  exerts  a  greater  modifying  influence  upon  the  pi 
cal  properties  than  if  some  inert  ingredient  were  present  to 
same  extent.  The  amount  of  organic  matter  which  a  soil  coni 
also  influences  the  physical  properties.  It  is  evident  that  the  ^ 
ous  modifying  factors,  as  lime  and  organic  matter,  render  it 
tremely  difficult  to  determine  from  the  mechanical  analysis  al 
the  kind  of  crops  that  the  soil  is  best  suited  to  produce, 
silt  subsoils  of  this  state  possess  unique  physical  proper 
Having  the  desirable  features  of  both  sand  and  clay  they 
able  to  produce  a  great  variety  of  crops.  In  the  tables  Nos.  ^ 
and  XIV  the  type  of  soil  is  determined  from  the  crops  prodi 
and  not  from  fixed  standards.  It  is  believed  that  a  larger  am< 
of  data  should  be  available  before  the  establishment  of  soil  t; 
for  the  state  is  undertaken.  In  the  tables  mechanical  analyses 
given  of  twenty-eight  subsoils  from  diflf  "^  ^art  -^  r':-  ^ 
The  subsoils  were  analyzed  in  preference  to  the  surface  soilSj 
cause  storage  capacity  for  water  is  more  dependent  upon  the 
soil  than  upon  the  surface  soil. 

Subsoil  No.  564  is  from  Castle*  Rock,  Dakota  County.  The 
has  produced  good  crops  of  small  grain,  corn,  flax  and  clc 
The  subsoil  is  a  mixture  of  nearly  equal  parts  of  the  finest  gr 
of  sand,  silt  and  clay.  Good  crops  of  wheat  have  been  produ 
The  chemical  analysis  shows  a  liberal  amount  of  plant  foo 
well  balanced  forms,  while  the  mechanical  analysis  shows  a  i 
ture  of  sand,  silt,  and  clay  that  is  retentive  of  water,  and  at 
same  time  sufficiently  porous  to  allow  good  drainage.     Sul 
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No.  558  is  from  the  same  locality  as  No.  564,  and  has  the  same 
general  chemical  composition,  but  contains  about  10  per  cent,  more 
silt  and  12.50  per  cent.  less  clay.  The  soil  has  produced  crops 
similar  to  No.  564,  and  has  shown  a  tendency  to  produce  good 
yields  of  small  grain,  com,  and  flax. 

Subsoil  No.  536  from  the  town  of  Eureka,  Dakota  County,  has 
produced  good  crops  of  small  grain  and  clover.  The  soil  has 
about  the  same  mechanical  composition  as  No.  558,  and  is  charac-  ^ 

terized  by  a  high  per  cent,  of  silt.    While  the  subsoil  contains  only  i^ 

14.31  per  cent,  of  clay,  reasonably  good  crops  of  wheat  and  grain  i  ^ 

have  been  produced.  Ordinarily  a  subsoil  with  such  a  relatively 
low  per  cent,  of  clay  would  not  be  considered  a  desirable  one  for 
wheat  culture. 

Subsoil  No.  514  from  Lakeville,  Dakota  County,  contains  more 
sand  than  the  preceding  samples  and  is  characterized  by  a  high 
content  of  silt.  Good  crops  of  com,  small  grains  (including 
wheat)  and  clover  and  grasses  have  been  produced.  The  silt,  sand 
and  clay  are  present  in  such  a  proportion  that  the  soil  is  suitable 
mechanically  for  the  production  of  a  great  variety  of  crops. 

Subsoil  No.  574  from  Stanton,  Goodhue  County,  is  composed 
mainly  of  silt,  with  smaller  amounts  of  very  fine  sand  and  clay. 
Lime  is  a  characteristic  ingredient  of  the  soil  and  the  chemical 
analysis  shows  a  good  supply  of  plant  food.  The  surface  soil  from 
near  the  same  locality  contains  more  clay  and  less  silt  than  the 
subsoil.  When  the  surface  and  subsoil  show  a  mechanical  struc- 
ture like  Nos.  572  and  574,  unusual  care  should  be  taken  in  the 
cultivation  to  prevent  unnecessary  losses  of  water.  It  should  be 
the  aim  to  prevent  evaporation  by  practicing  frequent  surface 
cultivation,  and  to  keep  the  subsoil  sufficiently  compacted  to  pre- 
vent losses  by  percolation. 

Subsoil  No.  554,  Holden,  Goodhue  County,  has  been  cultivated 
to  wheat,  oats,  barley  and  com.  There  is  a  very  high  per  cent  of 
fine  silt  in  this  soil,  which  with  the  clay  enables  a  larger  amount 
of  water  to  be  retained  than  if  less  fine  silt  and  more  sand  were 
present.  During  the  first  few  years  of  cultivation  large  yields 
of  wheat  were  produced.     After  the  first  fifteen  years  or  so  of 
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wheat  culturelighter  yields  were  obtained,  but  heavier  crops  ( 
ley  were  secured  tlian  when  the  land  was  first  broken.  It  ha 
quite  a  common  experience  in  Southern  Minnesota  for  th< 
to  produce  better  crops  of  barley  after  a  number  of  wheat 
have  been  removed  than  when  the  barley  was  grown  first  o 
land.  It  is  believed  that  this  is  due  to  u.c  v_hemical  and  pi 
changes  which  have  taken  place  in  the  soil.  The  continued 
ing  of  grain  has  a  tendency  to  make  the  soil  more  open  an* 
ous.  Wheat  thrives  best  upon  a  compact  soil,  while  barley  p 
a  loose  soil.  Wheat  is  a  more  delicate  feeding  crop  than  \ 
Hence,,  with  the  loosening  up  of  the  soil  and  the  removal 
most  available  plant  food  the  conditions  are  more  favorat 
barley  and  less  favorable  for  wheat. 

Subsoil  No.  556  from  Zumbrota,  Goodhue  County,  hai 
duced  good  crops  of  wheat.  There  is  more  clay  and  less  sil 
is  found  in  many  of  the  soils  from  this  locality.  The  lime 
content  of  plant  food,  and  the  mechanical  condition  all  indi 
productive  soil.  The  chemical  analysis,  however,  shows  a  t( 
cy  to  a  decline  in  nitrogen  and  humus,  which  can  be  prevente 
change  in  methods  of  cropping. 

Subsoil  No.  578  from  Red  Wing,  Gopdhue  County,  cont 
very  high  per  cent,  of  clay,  44.22.  The  farmer's  report 
that  "the  soil  has  never  suffered  much  from  drought."  Th 
soil  contains  about  75  per  cent,  of  clay  and  silt  mixed  with  ] 
20  per  cent,  of  very  fine  sand.  This  combination  appears 
one  possessing  great  power  for  storing  up  water  and  res 
drought. 

Subsoil  No.  528  from  Kenyon,  Goodhue  County,  has  pro 
mostly  wheat  and  oats.  Silt,  clay,  and  very  fine  sand  are  p 
to  the  extent  of  80  per  cent.  The  owner's  report  stated  th 
soil  was  very  sticky.  The  soil  does  not  belong  to  the  heav 
class,  the  "stickiness"  is  in  part  due  to  the  alkaline  comp 
present.  The  chemical  and  mechanical  composition  sugges 
this  soil  is  more  suitable  for  the  production  of  wheat  and 
than  for  oats,  which  have  been  grown  extensively. 

Subsoil  No.  504  from  I^ke  City,  Wabasha  County,  coi 
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32.51  per  cent,  of  clay  and  49  per  cent,  of  silt.  The  soil  is  re- 
tentive of  moisture  and  easily  tilled.  It  has  produced  wheat, 
oats,  barley,  com  and  grass.  Mechanically  the  soil  is  of  good 
composition,  chemically  it  could  be  improved  by  the*  addition  of 
nitrogen. 

Subsoil  No.  506  from  Alma  City,  Waseca  County,  contains 
nearly  48.50  per  cent,  of  fine  and  very  fine  sand.  The  mechanical 
analysis  indicates  that  the  soil  is  particularly  suited  to  corn  produc- 
tion, since  there  is  more  sand  and  less  clay  and  silt  than  are  found 
in  the  heavy  wheat  soils. 

Subsoil  No.  568  from  Moscow,  Freeborn  County,  has  produced 
wheat,  oats,  barley  and  corn  in  rotation,  an  application  of  manure 
being  made  to  each  corn  crop.  The  soil  has  a  well  balanced 
mechanical  as  well  as  chemical  composition.  The  sand  and  clay 
per  centages  indicate  that  the  subsoil  has  the  desired  physical  prop- 
erties for  wheat  and  grain  production. 

Subsoil  No.  520  from  Oakland,  Freeborn  County,  has  been  culti- 
vated only  a  few  years,  but  has  given  indications  of  being  adapted 
to  root  and  corn  crops.  The  subsoil  is  composed  largely  of  sand 
and  silt  with  about  17  per  cent,  of  clay.  Mechanically  considered 
the  soil  is  suitable  for  flax,  but  the  nitrogen  per  centage  is  rather 
too  low  to  suggest  any  extended  flax  production.  Mechanically 
the  soil  appears  to  be  suitable  for  beet  culture. 

Subsoil  No.  534  from  Waltham,  Watonwan  County,  is  composed 
mainly  of  silt  and  clay,  with  about  26  per  cent.  sand.  This  subsoil 
is  suitable  for  the  production  of  small  grains,  particularly  barley. 
There  is  sufficient  clay  and  silt  to  retain  enough  water  for  the  pro- 
duction of  good  crops  of  timothy  and  other  grasses. 

Subsoil  No.  532  from  St.  James,  Watonwan  County,  has  a  well 
balanced  chemical  composition,  but  would  appear  to  be  too  deficient 
in  clay  for  wheat  and  other  grains.  The  3  per  cent,  of  limestone, 
however,  enables  the  clay  and  silt  to  be  more  valuable  than  if 
there  were  3  per  cent,  more  clay  present.  The  mechanical  and 
chemical  composition  suggest  that  the  soil  is  particularly  suited  to 
the  production  of  sugar  beets. 

Subsoil,  No.  562,  from  Fairmont,  Martin  County,  is  character- 
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istically  rich  in  lime  and  plant  food.  Good  crops  of  wheat,  fl 
clover  and  corn  have  been  produced.  The  subsoil  contains  ab 
50  per  cent,  of  clay  and  silt  mixed  with  about  18  per  cent. 
fine  sand.  The  limestone  in  the  subsoil  enables  the  clay  i 
silt  to  be  more  retentive  of  water,  and  imparts  other  desira 
properties.  Many  of  the  prairie  soils  are  mechanically  i 
chemically  like  this  sample. 

Subsoil  No.  560  from  Winthrop,  Sibley  County,  is  compoi 
largely  of  silt ;  the  limestone  and  the  15  per  cent,  of  clay  make 
subsoil  retentive  of  moisture,  while  the  medium,  fine  and  very  f 
sand  are  present  in  the  right  amounts  to  impart  permeability.  1 
soil  has  produced  good  crops  of  wheat,  flax  and  com.  The  lai 
amount  of  plant  food  and  the  unique  mechanical  structure  of  t 
soil  adapt  it  to  the  cultivation  of  a  variety  of  crops. 

Subsoil  No.  512  from  Sacred  Heart,  Renville  County,  1 
shown  special  adaptability  to  the  production  of  wheat  and  co 
The  subsoil  is  composed  approximately  of  one- fourth  each  of  c 
and  very  fine  sand  and  one-third  silt.  The  limestone  forms  w 
the  sand,  silt,  and  clay  a  combination  which  is  particularly  st 
able  for  the  production  of  small  grains  and  grasses.  The  s 
has  not  only  a  good  mechanical  composition,  but  is  also  well  si 
plied  with  plant  food.  The  productiveness  of  this  soil  is  due 
both  its  mechanical  and  chemical  composition.  The  mixture 
sand,  silt  and  clay  renders  the  soil  permeable  without  reducing  1 
storage  capacity  for  water,  while  the  abundance  of  potash,  ph( 
phoric  acid,  nitrogen,  and  lime  complete  the  requisite  food  con 
tions  for  crop  production. 

Subsoil  No.  524  from  Norseland,  Nicollet  County,  conta 
about  10  per  cent,  more  silt  and  10  per  cent,  less  clay  than  subs 
No.  512.  Subsoil  No.  524  has  produced  good  crops  of  small  gra 
and  corn.  There  is  an  ample  store  of  plant  food  and  the  mecha 
cal  composition  suggests  that  the  soil  is  better  adapted  to  1 
production  of  com  than  of  wheat. 

Subsoil  No.  538  from  Bigstone,  Bigstone  County,  has  produc 
wheat,  flax,  oats  and  millet.  Ordinarily  this  soil  would  not 
considered  a  good  one  for  wheat  production  because  of  the  re 
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tively  small  amount  of  clay;  the  fine  limestone,  however,  exerts 
a  modifying  influence,  and  enables  the  clay  to  be  of  more  value 
than  if  there  were  only  a  minimum  amount  of  lime  present.  Flax 
and  corn  appear  to  be  the  crops  most  suited  to  this  soil. 

Subsoil  No.  526  from  Hegbert,  Swift  County,  gives  good, 
promise  of  being  a  strong  wheat  producing  soil.  While  there  is 
u;./»  abo.ii  15  per  ctiU.  of  clay  there  is  an  abundance  of  limestone, 
which  will  help  to  impart  the  desirable  physical  properties  for  a 
wheat  producing  soil.  The  high  per  centage  of  plant  food  ele- 
ments was  discussed  in  the  preceding  article  of  this  bulletin.  This 
soil  should  also  produce  good  crops  of  flax  and  small  grains. 

Subsoil  No.  518  from  Pelican  Rapids,  Otter  Tail  County,  has 
produced  eight  crops  of  wheat.  The  sand,  silt  and  clay  are  present 
in  about  the  same  proportions  found  in  many  of  the  wheat  produc- 
ing soils  of  the  state.  The  soil  has  also  a  good  store  of  lime  and 
plant  food. 

Subsoil  No.  552  from  Starbuck,  Pope  County,  has  been  culti- 
vated mainly  to  wheat  and  com.  The  sand,  silt  and  clay  form  a 
mixture  which  chemically  considered  is  well  supplied  with  plant 
food  and  physically  is  adapted  not  only  to  the  production  of  wheat 
but  also  to  barley,  oats  and  grass. 

Subsoil  No.  570  from  Kennedy,  Kittson  County,  is  a  typical 
wheat  soil  of  the  Red  River  Valley.  The  small  amount  of  sand 
and  the  relatively  large  amounts  of  silt  and  clay  are  characteristic 
of  this  soil.  If  it  were  not  for  the  limestone  in  the  subsoil  which 
binds  the  silt  and  clay  and  forms  compound  soil  particles  the  soil 
would  possess  poor  drainage  capacity,  but  with  the  high  per  cent. 
of  limestone  the  clay  is  prevented  from  forming  an»  impervious 
mass.  These  soils  may  be  worked  when  very  wet  and  the  large 
clods  when  dry  are  easily  pulverized.  Ordinarily  a  soil  with  such  a 
large  amount  of  clay  and  other  fine  materials  would  not  admit  of 
working  when  wet  because  of  danger  from  puddling.  The  lime- 
stone and  alkaline  salts  exert  a  g^eat  influence  upon  the  physical 
properties  of  these  soils.  In  fact,  many  cold,  unproductive  clays 
have  the  same  mechanical  composition  as  the  Red  River  Valley 
soils,  but  the  Hme  and  alkaline  salts  impart  desirable  properties 
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which  heavy  clays  do  not  possess.  With  these  soils  the  chemi 
composition  is  a  greater  factor  in  fertility  than  is  the  mechani 
composition. 

Subsoil  No.  576  from  Little  Falls,  Morrison  County,  has  ne 
il  been  cultivated.    Its  mechanical  and  chemical  compositon  wo 

suggest  tliat  potatoes,  oats,  timothy  and  roots  would  be  desira 
crops  to  produce. 

Subsoil  No.  580  from  Sherburn,  Becker  County,  has  b 
cropped  mainly  to  corn.  The  fine  sand,  very  fine  sand,  silt  ; 
clay  are  present  in  about  the  same  amounts  as  in  the  usual  o 
producing  types  of  soil.  The  soil  is  permeable  and  is  capable 
storing  up  sufficient  water  for  the  growth  of  com,  oats,  potatc 
timothy,  and  grass  crops.  The  land  has  been  cultivated  too  c 
tinually  to  corn,  which  has  had  a  tendency  to  make  it  open  ; 
porous. 

Subsoil  No.  530  from  Taylor's  Falls,  Chisago  County,  i 
shown  a  special  adaptability  to  the  production  of  vegetables  i 
oats.  There  is  about  25  per  cent,  of  silt  and  clay,  which  enal 
the  soil  to  carry  15  per  cent,  or  more  of  available  water.  The  i 
quent  use  of  manure  has  kept  up  the  supply  of  available  pi 
food  and  has  also  improved  the  physical  condition  of  the  soil.  1 
mechanical  analysis  indicates  that  the  soil  is  specially  adapted 
the  production  of  vegetables  and  small  fruits. 

MTNERALOGICAL  CHARACTER  OF  SOIL  PARTICLES. 

In  the  mechanical  examination  of  the  soil  frequent  use  is  m; 
of  the  micro^ope.  The  fine  and  very  fine  sand  were  found  to 
composed  mainly  of  silica.  In  the  silt,  feldspar  and  mica  appea 
to  predominate,  while  the  clay  was  in  some  cases  pure  kaolin. 
all  of  the  soils  examined  there  were  a  large  number  of  rock  fr 
ments  and  materials  capable  of  being  distinguished.  The  mic 
scopic  examinations  showed  that  the  drift  soils  of  the  state 
a  heterogeneous  mass  of  rock  fragments  and  minerals  in  vari< 
stages  of  disintegration. 

The  very  fine  sand  and  silt  particles  are  irregular  in  form  r 
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Pig.  No.  3.    Angular  Silt  Particles  X  450  times.    Praire  subsoil. 

present  sharp  angles  and  show  fissures  and  places  where  disintegra- 
tion has  taken  place.  Surrounding  many  of  the  larger  grains  of 
sand  fine  clay  particles  may  be  observed.  The  particles  of  the 
Red  River  Valley  subsoil  are  less  angular  and  more  spherical  than 
those  of  average  prairie  soil.  The  microscopical  examination  sug- 
gests that  the  form  of  the  soil  particles,  as  well  as  the  size  and 
number,  is  an  important  factor  to  consider,  because  in  some  soils 
the  clay  may  be  of  greater  or  less  value,  according  to  the  form  of 
the  other  particles  with  which  the  clay  is  associated. 

The  influence  of  solvents  upon  the  soil  particles  was  also  ob- 
served. After  digestion  with  hydrochloric  and  other  strong  acids 
the  angular  appearance  of  the  soil  grains  in  many  cases  was  more 
pronounced.  The  microscopic  examinations  indicate  that  strong 
acids  act  as  solvents  upon  the  surfaces  only  of  the  soil  particles. 
In  many  of  the  fissures  of  the  silt  particles,  fragments  of  vegetable 
matter  could  be  observed  indicating  that  the  action  of  the  humus 
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¥ig.  No.  4.    Silt  Particles  X  450  times.     Red  River  Valley  subsoil. 

Upon  the  soil  was  most  active  in  those  places  on  the  soil  p; 
where  the  greatest  disintegration  had  taken  place  and  whe 
sumably  the  most  soluble  forms  of  food  are  to  be  found. 

SOIL  PARTICLES  AND  SOIL   MASSES. 

Each  separate  particle  of  sand,  silt  or  clay  in  the  soil  is 
tact  with  other  particles,  forming  soil  masses  with  definite  p 
properties.  The  soil  is  either  impervious  to  water  or  per 
and  of  good  tilth,  or  open  and  porous  according  to  the  ch 
of  the  individual  soil  particles.  The  properties  of  the  soil  i 
formed  from  the  soil  particles,  are  frequently  modified  bea 
the  presence  of  lime^  alkaline  compounds,  and  vegetable  : 

The  influence  of  lime  upon  the  soil  masses  is  shown  in  F 
5.  It  will  be  observed  that  many  of  the  soil  masses  are  ab 
size  of  wheat  kernels,  while  some  arc  larger.  The  soil  contaii 
a  small  amount  of  sand  but  many  of  the  smaller  particles  ar 
ed  and  form  compound  soil  grains,  which  to  a  limited  exte 
the  place  of  the  larger  soil  particles  which  are  deficient.  Tl 
soils  contain  from  i8  to  25  per  cent,  of  carbonate  of  lime. 
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variable  amount  of  alkaline  salts.  When  the  land  dries  the  lime 
and  alkaline  matter  prevent  the  formation  of  tough  clods  although 
the  soil  contains  nearly  45  per  cent,  of  fine  clay.    The  lime  makes 


<i| 


til 


Pig.  No.  0.  Influence  of  lime  upon  soil.  A,  loam  soil  with  15  per  cent  clay  par- 
ticles. B,  Ked  River  Valley  subsoil  with  45  per  cent  clay  particles.  The 
lime  causes  the  formation  of  compound  soil  strains, 

the  soil  permeable,  and  the  additional  action  of  the  alkaline  mat- 
ter makes  them  pulverulent  when  dry.     In  many  of  the  prairie 
soils  there  is  sufficient  Hme  and  alkaline  matter  to  exert  a  char-  * 
acteristic  influence  and  cause  the  formation  of  compound  soil 
grains  which  give  the  soils  unique  physical  properties. 

The  influence  of  the  organic  matter,  in  the  form  of  humus, 
upon  the  physical  properties  of  the  soil,  has  been  discussed  in 
former  bulletins.  The  chemical  and  physical  analyses  of  the  dif- 
ferent types  of  soil  recorded  in  this  bulletin,  have  verified  the 
main  conclusions  of  former  reports  upon  this  subject.  It  I^^s  also 
been  observed  that  a  loss  of  the  humus  from  loam  and  silt  soils  has 
been  felt  more  severely  than  in  the  case  of  soils  which  contain  a 
good  supply  of  clay.  Humus  to  a  certain  extent  is  capable  of  tak- 
ing the  place  of  fine  clay. 

In  the  presence  of  alkaline  compounds  the  humus  is  chemical- 
ly and  physically  different  from  that  in  soils  deficient  in  alkaline 
matter.  In  many  of  the  Red  River  Valley  surface  soils  the  "al- 
kali" renders  some  of  the  humus  soluble  causing  the  drain  waters 
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to  be  dark  colored.     In  soils  well  suppplied  with  alkaline 
the  humus  is  more  active  than  in  soils  which  are  deficient. 

In  the  prairie  soils  the  loss  of  humus  is  felt  most  in  the 
swept  regions.  Soils  **drift"  more  readily  when  they  los( 
humus  because  there  is  a  lack  of  binding  material.  The  ] 
and  fine  roots  exert  a  modifying  influence  sufficiently  gx 
many  cases  to  prevent  heavy  losses  by  drifting.  The  pi 
changes  which  have  been  caused  by  heavy  wind  storms  ai 
quently  of  such  a  magnitude  as  to  influence  the  crop  pro( 
power  of  the  land.  Heavy  wind  storms  frequently  carry 
large  amounts  of  plant  food.  By  conserving  the  humus  and 
ing  the  land  well  covered,  the  losses  from  heavy  winds  ( 
greatly  reduced.  It  is  a  common  experience  of  farmers  tl 
land  will  suflfer  more  in  a  wind  storm  than  new  land. 

The  influence  of  humus  upon  the  water  supply  of  cro 
been  discussed  in  former  bulletins.  In  this  work  it  has  be 
served  that  fewer  complaints  from  the  effects  of  drought 
made  when  the  land  had  been  systematically  manured  and  t 
mus  conserved.  Immediate  effects  from  the  use  of  manur 
not  always  be  expected  as  time  is  required  for  the  manure 
come  humus.  Often  the  physical  treatment  of  the  land  a 
is  manured  is  such  that  the  best  results  are  not  secured.  Tli 
is  left  in  a  loose  condition,  or  surface  cultivation  neglected  i 
excessive  losses  from  evaporation  occur.  The  influence 
manure  exerts  upon  the  moisture  content  of  the  soil  varie 
the  mechanical  structure  of  the  soil,  and  the  amount  of  n 
used.  In  some  soils  the  influence  is  more  noticeable  than  ir 
soils.  The  influence  which  manure  has  upon  soils  varie 
the  character  of  the  soil  particles  and  the  condition  of  the  m 
When  mixed  with  the  soil  the  manure  forms  masses  with  di: 
physical  properties,  and  when  a  chemical  reaction  takes  pla 
tween  the  soil  and  the  manure  the  soil  masses  are  subjec 
still  farther  modification.  The  individual  soil  particles  < 
but  little  in  physical  properties,  but  the  soil  masses  or  "comp 
particles  are  constantly  undergoing  changes.  Hence,  it  : 
manure  is  capable  of  improving  the  physical  properties  of  a 
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THE  AVAILABLE  PLANT  FOOD  OF  SOILS. 


HARRY   SNYDER. 


Various  attempts  have  been  made  to  determine  the  available 
plant  food  of  the  soil.  The  main  criticism  which  has  been  made 
regarding  the  value  of  soil  analysis  is  that  it  fails  to  show  the 
amount  of  available  plant  food.  It  is  well  known  that  a  soil  may 
contain  a  relatively  large  amount  of  potash  and  phosphoric  acid 
soluble  in  acids  and  still  fail  to  produce  good  crops  because  of  lack 
of  available  plant  food.  This  lack  of  available  plant  food,  as  dis- 
cussed in  the  first  article,  is  due  in  many  cases  to  an  unbalanced 
condition  of  the  elements  in  the  soil.  The  present  tendency  of  soil 
investigations  is  to  determine  the  "availability  of  the  plant  food." 
The  various  methods  proposed  may  be  classed  in  two  groups: 
(i)  The  use  of  dilute  acid  solvents  to  extract  the  available  plant 
food;  and  (2),  the  use  of  dilute  alkaline  solutions  to  replace  the 
more  active  forms  of  potash. 

Dilute  acids,  particularly  the  organic  acids,  have  been  used,  be- 
cause the  sap  in  the  roots  of  plants  contains  various  amounts  of 
organic  acids  as  citric,  tartaric,  and  oxalic ;  and  it  is  believed  that 
these  acids  take  an  important  part  in  plant  nutrition  by  rendering 
the  plant  food  soluble.  Dyer  and  others  have  shown  that  the 
acidity  of  the  sap  of  agricultural  plants  is  equivalent  to  from  .5  to 
2  per  cent,  or  more  of  citric  acid. 

The  acidity  of  the  sap  of  a  few  of  the  agricultural  crops 
grown  at  the  Minnesota  Experiment  Station  in  1898  was  deter- 
mined and  the  following  equivalent  amounts  of  acid  obtained.  The 
crops  were  tested  while  young,  and  when  making  rapid  growth. 


Note. — Some  of  the  results  griven  in  this  article  were  presented  at   the  Colnm- 
bns  meeting  (1899)  of  the  Society  for  the  Promotion  of  Agricultural  Science. 
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Acidity 

(Aiicitiicacid) 

Per  cent. 

Corn 60 

Oats 92 

Wheat 48 

Clover 1 .02 

Ky.  Blue  Grass 88 

It  will  be  observed  that  the  sap  of  wheat  contains  lei 
than  either  oats  or  corn,  while  clover  shows  the  highest  a 
Wheat  is  generally  considered  one  of  the  weakest  feeding 
crops. 

In  the  seeds  of  ripe  grains  the  average  acidity  has  been 
.10  per  cent,  and  in  roots  and  tubers  about  .20  per  cent.  ^ 
tematic  attempt  has  yet  been  made  to  determine  the  perc 
amounts  of  the  separate  acids,  as  oxalic,  malic,  citric,  tartar 

In  a  former  bulletin  (No.  41 ),  the  extent  to  which  solut 
tartaric,  oxalic,  and  citric  acid  are  capable  of  acting  upon  t 
and  dissolving  plant  food  elements  was  discussed.  It  was 
that  a  I  per  cent,  solution  of  citric  acid  extracted  .02  per  c 
potash  and  .04  per  cent,  of  phosphoric  acid  from  a  con 
sample  of  soil  made  up  of  equal  parts  of  two  hundred  fertil 
It  was  also  found  that  citric  acid  possessed  the  greatest  po\ 
dissolving  phosphoric  acid,  lime  and  magnesia,  while  oxal 
was  capable  of  dissolving  the  most  iron  and  aluminia.  T 
acid  was  less  active  as  a  soil  solvent  than  either  citric  or 
Prairie  soils  of  high  fertility  contained  .04  per  cent  of  potasl 
like  amount  of  phosphoric  acid  soluble  in  dilute  citric  aci 
none  of  the  soils  examined  were  the  potash  or  phosphoric  ac 
centages  less  than  .02. 

Dyer  has  shown  that  the  unmanured  Rothamsted  soil 
which  Lawes  and  Gilbert  have  made  their  numerous  field 
ments  with  wheat  and  barley,  contain  only  .0055  per  cent,  o 
phoric  acid  soluble  in  i  per  cent,  citric  acid,  while  the  so 
have  been  manured  with  phosphates  until  they  are  no  lom 
ficient  contain  from  .03  to  .06  per  cent,  according  to  the  ai 
of  fertilizer  applied  to  the  land.  In  the  case  of  the  Rothamst< 
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the  work  of  Dyer  has  shown  that  if  there  is  less  than  .02  per  cent, 
phosphoric  acid  soluble  in  a  i  per  cent,  solution  of  citric  acid  the 
soil  is  deficient  in  available  phosphoric  acid. 

Dyer's  method  for  the  'determination  of  available  phosphoric 
add  has  been  tried  by  the  Association  of  Official  Agricultural 
Chemists  and  it  has  not  been  found  applicable  to  all  classes  of 
soils.  The  method,  however,  was  found  in  many  cases  to  give 
valuable  indications  but  it  failed  to  make  a  sharp  distinction  be- 
tween soils  of  different  origin  and  character  when  deficient  in  and 
when  well  supplied  with  available  phosphoric  acid. 

Plant  Food  Soluble  in  Critic  Acid  (Dyer's  Method.) — Three 
samples  of  soil  were  selected  for  the  determination  of  the  available 
plant  food  according  to  Dyer's  method.  Soil  A,  virgin  soil  of 
high  fertility  from  the  Red  River  Valley.  Similar  cultivated  soils 
^ave  produced  good  yields  of  wheat  and  field  tests  have  shown 
that  the  soil  was  amply  supplied  with  available  phosphoric  acid 
md  other  foms  of  plant  food.  SoilS,  virgin  soil  from  the  Minn. 
Experiment  Station  farm.  Field  tests  have  shown  adjoining  cul- 
:ivated  soils  to  be  well  supplied  with  available  phosphates  and 
>ther  plant  food,  the  soil  has  not  been  able  to  produce  such  good 
:rops  or  stand  as  heavy  cropping  as  the  soils  from  the  Red  River 
l^alley.  Soil  C,  from  an  old  grain  field  yielding  only  eight  bush- 
els of  wheat  per  acre.  It  was  not  known  whether  the  low  yield 
>er  acre  was  due  to  lack  of  available  phosphates  or  to  some  other 
:ause.  These  three  soils  were  selected  as  types  for  the  study  of 
he  available  plant  food.  The  total  and  so-called  available  phos- 
)horic  acid  are  given  in  the  following  table : 


Soil  A.  Soil  B.  Soil  C. 

Red  River  Valley.     Exp.  Station  Farni.     Prairie  Soil. 
High  Fertility.        Average  Fertility.     Old  Grain  Field 


Petal  phosphoric  acid...   .23 
Mailable  (?)phos.  acid..   .018 


.17 
.021 


.15 
.034 


According  to  Gyer's  method,  the  soil  from  the  Experiment 
Jtation,  and  the  one  from  the  old  grain  field  contain  more  available 
)hosphoric  acid  than  the  fertile  Red  River  Valley  soil.  Field 
ests,  and  crop  yields,  however,  show  that  the  Red  River  Valley 
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soil  is  the  most  liberally  supplied  with  available  phosphates, 
of  these  soils.  According  to  the  results  secured  on  the 
hamsted  soils,  the  Red  River  Valley  sample  would  appear 
deficient  in  available  phosphoric  acid.  It  is  evident  ths 
method  proposed  by  Dyer,  is  not  applicable  to  soils  like 
found  in  the  Red  River  Valley  and  the  prairie  regions  o 
state. 

In  addition  to  Dyer's  method  the  one  proposed  by  Gos 
also  tried.  Goss*  method  is  similar  to  Dyer's  except  that  i 
normal  solution  of  hydrochloric  acid  is  used  as  a  solvent  f( 
plant  food  instead  of  a  i  per  cent,  solution  of  citric  acid. 
total  and  so-called  available  phosphoric  acid  in  soils  A,  B,  < 
as  determined  by  Goss'  method  are  given  in  the  following 


Itii 


*9HII 


Soil  A. 
Red  River  Valley. 
High  Fertility. 


Sail  B.  Soi 

Kxp.  Station  Pann.     Prairi( 
Average  Ftrrtility.     OldGra 


Total  phosphoric  acid...   .23 
Available (?)phos.  acid..   .061 


.17 
.032 


.11 

.0: 


This  method  has  given  more  consistent  results  than  I 
method;  the  amounts  of  so-called  available  phosphoric  aci 
in  accord  with  the  known  fertility  of  the  soils.  It  cannot  be 
however,  that  this  method  is  capable  of  giving  infallible  r 
when  applied  to  all  classes  of  soils. 

In  addition  to  citric  and  fifth  normal  hydrochloric  acid 
acid  solvents  have  been  proposed.  A  review  of  the  wor 
complished  and  a  study  of  each  method  was  not  attemptei 
cause  the  principle  involved  in  each  method  is  essentially  the 
The  amounts  of  plant  food  elements  dissolved,  however, 
with  the  solvent  power  of  the  reagents.  It  is  supposed  by 
that  it  is  possible  by  the  use  of  dilute  acids  to  imitate  the  ; 
of  plant  roots.  As  to  whether  this  can  be  accomplished  rei 
to  be  proved. 

In  the  case  of  both  methods,  (i)  acid  solvents,  and  (i 
placement  of  soil  bases  with  alkaline  solutions,  the  main  diff 
arises  when  an  attempt  is  made  to  establish  a  reasonable  stai 
for  available  plant  food.      The  usual  method  has  been  t( 
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soils  that  field  tests  have  shown  to  be  deficient  in  plant  food. 
But  are  field  tests  always  reliable?  May  not  an  apparent  defi- 
ciency in  one  element  be  due  to  some  other  cause  than  a  real 
deficiency,  as  shown  by  the  Rhode  Island  Experiment  Station, 
where  an  acid  condition  of  the  soil  was  the  cause  of  a  supposed 
deficiency  of  available  phosphoric  acid,  and  the  addition  of  al- 
kaline matter  to  the  soil  rendered  the  phosphoric  acid  available? 
In  such  a  case  an  agreement  between  laboratory  results  and  field 
trials  could  not  be  expected,  because  the  field  tests  gave  misleading 
results. 

Soils  differ  so  materially  in  diflFerent  parts  of  the  country, 
and  in  some  cases  even  in  the  same  locality,  from  acid  soils  to 
those  strongly  charged  with  alkaline  matter,  that  it  cannot  be 
expected  that  the  same  methods  for  the  determination  of  available 
plant  food  are  alike  applicable  to  all  classes  of  soils. 

When  an  alkaline  solution  is  used  on  acid  soils,  or  an  acid 
solution  on  alkaline  soils,  neutralization  takes  place,  and  as  a  re- 
sult we  have  not  only  the  action  of  the  acid  or  alkali  but  also  the 
action  of  the  salts  formed  by  the  neutralization,  and  even  if 
corrections  are  made  for  the  acid  neutralized  by  the  carbonates  the 
solvent  action  of  the  salts  formed  can  not  be  prevented. 

What  assurance  have  we  that  a  i  per  cent,  solution  of  citric 
acid  or  a  fifth  normal  solution  of  hydrochloric  acid  will  extract 
only  the  available  plant  food  from  the  soil ;  or  that  a  dilute  alkaline 
solution  will  replace  only  the  available  potash  of  the  soil?  If  a 
soil  that  is  reasonably  well  supplied  with  available  phosphoric  acid 
be  extracted  with  a  i  per  cent,  solution  of  citric  acid,  will  it 
leave  in  the  soil  a  sufficient  amount  of  available  plant  food  to 
grow  an  ordinary  crop?  Let  us  briefly  examine  the  details  of 
such  an  experiment. 

Soil  B  from  the  Minnesota  Experiment  Station  farm  was 
extracted  with  a  i  per  cent,  solution  of  citric  acid  for  three 
months.  This  resulted  in  reducing  the  phosphoric  acid  content 
of  the  soil  from  .17  to  .14  per  cent.,  removing  17.6  per  cent,  of 
the  most  soluble,  and  what  would  be  supposed  to  be  the  most 
available  phosphoric  acid,  as  well  as  28.5  per  cent,  of  the  total 
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potash.  A  large  quantity  of  soil  was  extracted,  lo  c.  c.  c 
being  used  for  each  gram  of  soil.  The  acid  was  removed 
the  soil  by  the  liberal  use  of  distilled  water.  To  prevent  a 
condition  of  the  soil  .10  gm.  of  calcium  carbonate  was  add 
every  100  grams  of  soil  and  a  small  amount  of  nitrate  of  so< 
also  added  so  that  crop  growth  would  not  be  checked  foi 
of  nitrogen.  When  wheat  was  sown  in  this  soil  normal  vij 
plants  were  produced  as  shown  in  the  illustration.  Thre 
arate  trials,  at  different  times,  gave  practically  the  same  rei 


1 


*a< 


Fig.  No.  6.  Wheat  grown  in  soil  extracted  with  one  per  cent  citric  ad 
per  cent,  of  the  total  phosphoric  acid  and  28.5  per  cent,  of  the  total 
of  the  soil  were  removed  by  the  acid  treatment. 
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The  plants  shown  in  the  illustration  contain  the  following 
amounts  of  potash  and  phosphoric  acid. 

in  Six  Pfanta.  In  Six  Scedii  Sown 

Grama.  Bttimated  Amount. 

Potash 0625  .0011 

Phosphoric  acid..... 0451  .0018 

It  is  evident  that  the  three  months'  extraction  of  the  soil 
with  citric  acid  failed  to  remove  all  of  the  available  phosphoric 
acid  and  potash  because  a  sufficient  amount  was  left  in  the  soil 
to  produce  a  good  growth  of  wheat. 

The  humus,  phosphoric  acid  content  of  humus,  and  of  humus 
precipitate,  and  the  potash  content  of  the  soil  before  and  after 
treatment  with  citric  acid,  are  given  in  the  following  table : 

Soil  after  Extraction 
Original  Soil.         and  Growth  of  Wheat. 

Total  phosphoric  acid 17  .14 

Total  nitrogen 23  .20 

Humus 3.94  3.81 

Humic  phosphoric  acid .04  .04 

^2%  of  humic  acid  precipitate          .03  .03 

Potash  (Sol.  Hcl.  1.115  Sp.icr.) .21  .15 

Total  insoluble  matter 83.76  86.40 

The  three  months'  treatment  of  the  soil  resulted  in  the  re- 
moval of  a  larger  proportional  amount  of  the  potash  than  of  the 
phosphoric  acid.  Only  a  slight  change  in  the  percentage  amounts 
of  humus  in  the  soil  before  and  after  the  treatment  is  to  be 
observed,  while  the  phosphoric  acid  content  of  the  humus  and 
the  humic  acid  precipitate  remain  unchanged.  When  it  is  re- 
membered that  in  the  determination  of  humus,  the  soil  is  first 
extracted  with  2  per  cent,  solution  of  hydrochloric  acid  to  remove 
the  lime,  it  can  be  understood  why  the  humus  content  of  the  soil 
has  changed  but  little  during  the  three  months  treatment  with 
citric  acid.  The  phosphoric  acid  combined  with  the  humus  did 
not  undergo  any  apparent  change  during  the  long  extraction  of 
the  soil.     The  humic  phosphates  evidently  have  a  material  power 
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to  resist  the  action  of  acid  solvents,  but  readily  yield  to  alk 
solvents. 

The  experiment  naturally  suggests  a  few  questions: 
not  the  citric  acid  cause  some  of  the  inactive  phosphoric  ac 
the  soil  to  become  active?  If  it  did  this  solvent  cannot  be  1 
as  a  standard  for  the  measure  of  the  active  phosphoric  acid 
potash  of  the  soil  because  it  would  also  include  a  small  amoii 
inactive  phosphoric  acid. 

The  work  of  Schloesing,  Jr.,  shows  that  beyond  a  c€ 
point  a  dilute  acid  as  nitric  has  no  action  upon  a  soil,  anc 
amount  of  phosphoric  acid  in  the  solution  is  not  increased  u 
the  concentration  of  the  solvent  is  considerably  increased, 
phosphates  of  magnesium,  calcium,  and  the  alkali  metals  an 
solved  by  the  dilute  acids,  while  the  stronger  acids  dissolv 
phosphates  of  iron  and  aluminia.  Schloesing*s  work  as  w< 
the  work  of  the  International  Congress  of  Chemists  indi 
that  the  action  of  a  dilute  acid  upon  a  soil  is  definite. 

That  the  citric  acid  did  not  change  some  of  the  available  ] 
phoric  acid  of  the  soil  to  active  forms  and  that  the  source  o 
plant's  phosphoric  acid  was  that  combined  with  the  organic 
pounds  was  proven  by  direct  experiment. 

Tvv'o  kilograms  of  soil  B  was  extracted  with  dilute  hydroc 
ic  acid  and  the  humus  obtained  in  the  usual  way.    The  humu! 
dissolved  and  treated  as  described  in  bulletin  No.  41,  pag 
From  the  kilogram  of  soil  60  grams  of  purified  humic  ma 
were  obtained.     The  humus  was  mixed  with  acid  extracted 
and  a  small  amount  of  carbonate  of  lime  and  nitrate  of 
When  wheat  was  seeded  in  this  medium,  normal  plants 
produced.     In  a  former  report  it  was  shown  that  oats  are  < 
ble  of  being  grown  when  the  only  forms  of  mineral  food 
those  supplied  in  chemical  combination  with  the  humus.     ] 
experiments  (1899)  have  shown  that  wheat  is  capable  of  a 
ilating  similar  forms  of  food.     The  fact  that  wheat  is  capat 
assimilating  the  phosphoric  acid  and  potash  combined  witl 
humus  was  proved  by  three  separate  experiments.      The  p 
presented  a  similar  appearance  to  those  shown  in  the  illustn 
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The  six  wheat  plants  produced  in  the  first  experiment  contained : 

Phosphoric  acid 0401  grams 

Potash 0589  grams 

In  the  soil  from  which  the  humus  was  extracted  it  is  esti- 
mated that  about  20  per  cent,  of  the  total  phosphoric  acid  was  in 
combination  with  the  humus.  From  the  experiments  cited  it  is 
evident  that  the  phosphoric  acid  and  potash  combined  with  the 
•rganic  compounds  of  the  soil  are  capable  of  playing  an  import- 
ant role  in  the  food  supply  of  grains  like  oats  and  wheat. 

The  fact  that  the  citric  acid  failed  to  remove  all  of  the 
available  phosphoric  acid  of  the  soil,  and  that  a  sufficient  amount 
was  left  to  produce  a  crop  of  wheat,  naturally  suggests  the  ques- 
tion, would  a  fifth  normal  solution  of  hydrochloric  acid  extract 
all  of  the  available  plant  food?  While  direct  experiments  were 
not  made,  an  answer  to  the  question  can  be  given. 

When  the  humus  was  removed  from  the  soil  for  the  wheat 
culture  experiments  the  soil  was  first  extracted  with  a  2  per  cent, 
solution  of  hydrochloric  acid,  which  contains  nearly  three  times 
as  much  acid  as  the  fifth  normal  solution.  If  the  2  per  cent,  acid 
used  for  getting  the  soil  into  condition  for  the  extraction  of  the 
liumus  had  removed  all  of  the  available  phosphoric  acid  there 
tvouid  have  been  none  left  for  the  growth  of  the  wheat,  but  the 
experiments  show  that  the  humus  contains  sufficient  to  produce 
I  good  crop  hence  it  is  evident  that  the  hydrochloric  acid  like  the 
ntric  acid  failed  to  remove  all  of  the  available  plant  food.  From 
he  experiments  performed  it  does  not  necessarily  follow  that  the 
Phosphoric  acid  extracted  by  the  dilute  citric  and  hydrochloric  acid 
s  unavailable  but  the  experiments  show  that  there  was  left  in  the 
oil,  after  the  acid  treatment,  plant  food  in  the  form  of  potash  and 
phosphates  that  could  be  utilized  by  a  wheat  crop,  and  that  this 
)lant  food  was  in  chemical  combination  with  the  organic  com- 
K>unds  of  the  soil. 

It  is  not  claimed  that  the  organic  forms  of  potash  and  phos- 
>horic  acid  are  the  only  ones  in  which  the  plant  food  exists  in  the 
oil  in  an  available  condition,  but  it  is  evident  that  in  the  case  of 
oils  rich  in  organic  matter,  the  organic  compounds  of  potash  and 
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phosphoric  acid  take  an  important  part  in  plant  growth. 
Dyer's  and  Goss'  methods  are,  without  doubt  applicable  to 
t)rpes  of  soil,  but  not  to  those  where  a  large  part  of  tin 
food  is  in  organic  forms. 

Available  Potash, — The  replacement  of  the  potash  by 
of  alkaline  solutions  was  also  tried  in  the  three  soil  tyj 
scribed.  An  alkaline  solution  of  ammonium  chlorid  and 
normal  solution  of  calcium  chloride  were  the  solutions  used 
following  results  were  obtained : 

SOLUBLB    Potash 
In  calciam  chlorid.        In  ammonmix 

Soil  A.    High  fertility 025  .07 

SoilB.    Average  fertility 015  .02 

SoilB.    Old  grain  field 021  .02 

wJP'^    4  The  ammonium  chlorid  method  was  given  farther  tr 

connection  with  the  soil  work  of  the  Association  of  Officia 
cultural  Chemists  for  1898.  The  results  obtained  were  n 
sistent.  Soils  known  to  be  deficient  in  available  potash  g:av 
er  percentage  amounts  of  soluble  potash  than  soils  knowi 
well  supplied  with  this  element.  (Proceedings  15th  Annn 
vention,  Association  Official  Agricultural  Chemists,  page  ; 
Citric  acid  as  a  solvent  for  the  available  potash  also 
to  give  satisfactory  results.  The  three  soils  examined  gi 
following  results : 

Potash  soluble  in 

Vi  i*  «*i'  ^  ^^^  cent,  citric  acid. 

Soil  A  High  fertility ! 02 

Soil  B  Average  fertility .oi 

Soil  C  Old  grain  field 01 

Soils  A  and  B  were  also  used  for  the  soil  investigat 
the  Association  of  Official  Agricultural  Chemists  for  tli 
1898,  and  the  results  secured  are  of  additional  value  becai 
same  analyses  were  made  by  different  analysts  in  eight  si 
experiment  station  laboratories. 

AMOUNT  OF  AVAILABLE  PLANT  FOODS  IN   SOILS. 

None  of  the  methods  investigated  will  allow  a  definite  ; 
:  to  the  question :     How  much  available  plant  food  do  the  s( 
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lined  contain  ?  The  culture  experiment  and  the  analyses,  how- 
er,  indicate  that  the  soils  usea,  particularly  the  Red  River  Valley 
id  the  station  soil  are,  as  the  field  tests  indicate,  well  supplied 
ith  available  potash  and  phosphoric  acid.  Soil  B,  of  average 
rtility,  contained  in  the  first  foot  about  5,500  pounds  of  phos- 
loric  acid  and  6,700  pounds  of  potash.  The  treatment  with 
trie  acid  removed  17.6  per  cent,  of  the  phosphoric  acid  and  28.5 
T  cent,  of  the  potash,  and  there  was  still  left  in  the  soil  sufficient 
ineral  plant  food  to  produce  a  crop  of  wheat.  While  it  can 
)t  be  said  that  the  plant  food  removed  by  the  acid  was  all  availa- 
e  it  can  be  said  that  17.6  per  cent,  of  the  phosphoric  acid  and 
$.5  per  cent,  of  the  potash  can  be  removed  from  the  soil  used, 
ithout  removing  all  of  the  available  plant  food.  The  .04  per 
nt.  of  humic  phosphoric  acid  equivalent  to  about  23  per  cent. 
■  the  total  was  capable  of  producing  a  wheat  crop.  Since  a  large 
irt,  if  not  all,  of  the  citrate  soluble  phosphates  must  have  been 
available  forms  as  well  as  a  large  part  of  the  humic  phosphoric 
:id,  it  naturally  follows  that  the  total  available  amount  in  the  soil 
ust  have  been  large.  While  the  experiments  failed  to  show 
at  dilute  acid  solvent  may  be  used  to  determine  the  available 
ant  food,  they  nevertheless  show  that  the  humic  or  organic 
•rms  of  potash  and  phosphoric  acid  may  contribute  materially  to 
ant  growth. 

In  a  former  bulletin  (No.  53)  it  was  proved  that  manure, 
•een  clover,  and  other  organic  materials  are  capable  of  entering 
to  chemical  combination  with  the  inert  phosphoric  acid  and  pot- 
ih  of  the  soil,  to  form  humates  or  organic  salts.  Since  wheat 
id  oats  have  both  been  found  capable  of  assimilating  the  humic 
•rms  of  potash  and  phosphoric  acid,  it  is  possible,  if  the  soil  con- 
ins  a  good  stock  of  these  elements,  and  is  not  of  an  acid 
iture,  to  use  manures,  and  green  crops,  for  rendering  the  inert 
ant  food  available.  In  fact  it  is  possible  by  the  use  of  farm 
anures  to  cultivate  an  average  soil  so  as  to  produce  available 
ant  food  from  the  inert  matter. 
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CHARACTERISTIC  FEATURES  OF  MINNESOTA 
AND  CONSERVATION  OF  FERTILITY. 


HARRY   SNYDER. 


One  of  the  most  important  problems  in  agriculture  is  tl 
servation  of  the  fertility  of  the  soil.  At  the  present  time 
all  of  the  soils  of  the  state  are  well  supplied  with  plant  foe 
it  is  believed  that  if  proper  means  are  taken  it  will  be  poss 
conserve,  to  a  great  extent,  a  large  part  of  this  fertilit 
prevent  rapid  decline  in  the  yields  of  crops.  Before  disc 
this  subject  it  will  be  necessary  first  to  consider  the  charac 
features  of  the  soils  of  the  state  and  the  main  facts  observe< 
the  analyses  reported  in  this  and  former  bulletins. 

Numerous  questions  have  been  asked  by  the  farmer 
have  sent  samples  of  soil  for  chemical  analysis.  Will  tli 
produce  good  crops,  is  frequently  asked  of  a  soil  that  has 
been  brought  under  cultivation.  Will  this  soil  wear  well  ? 
crops  will  it  pay  best  to  grow  on  this  soil?  Is  this  a  good  i 
growing  flax,  or  sugar  beets,  or  some  other  farm  crop  ?  \\ 
some  soils  decline  in  fertility  faster  than  others?  Why  do 
ver  refuse  to  grow  on  this  soil?  These  are  some  of  the  qu 
that  have  been  asked.  While  explicit  answers  cannot  be 
at  the  present  time  to  all  of  the  questions,  the  chemical  ai 
have  given,  it  is  believed,  results  of  economic  value- 
It  should  be  remembered  that  chemical  and  physical  cl 
are  continually  taking  place  in  the  soil,  and  that  in  some  soil 
changes  are  more  rapid  than  in  others.  In  the  cultivation 
soil  it  should  be  the  aim  to  assist  nature  in  bringing  about 
changes  which  render  the  plant  food  available.  It  freq 
happens  that  the  methods  of  nature  and  the  methods  of  thos 
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cultivate  the  soil  are  in  direct  opposition,  when  they  should  be 
in  harmony.  This  is  illustrated  in  the  case  of  many  soils  from 
which  large  amounts  of  plant  food  in  the  form  of  nitrogen  have 
been  unnecessarily  lost,  because  of  poor  methods  of  cultivation. 
It  is  natural  for  a  soil  to  be  covered  with  vegetation,  and  when 
the  land  is  continually  under  the  plow  and  only  one  crop  is  grown, 
an  unnatural  condition  exists,  and  as  a  result  there  is  a  loss  of 
fertility. 

An  ordinary  crop  removes  a  comparatively  small  portion  of 
the  total  plant  food  of  the  soil,  but  a  soil  is  capable  of  producing 
grain  crops  for  only  a  few  years  before  a  decline  in  the  yield  per 
acre  is  observed.  This  is  not  due  so  much  to  the  loss  of  fertility 
by  the  removal  of  nitrogen,  phosphoric  acid,  potash,  lime,  and 
other  elements  from  the  soil,  as  to  the  soil  getting  out  of  condi- 
tion because  of  chemical  and  physical  changes  which  have  taken 
place  as  the  result  of  the  cultivation  which  has  rendered  the  plant 
food  unavailable. 

In  the  preceding  pages  the  chemical  analyses  are  given  of 
seventy-two  surface  soils  and  fifty-two  subsoils.  An  examination 
of  the  tables  shows  wide  ranges  in  the  amounts  of  the  different 
plant-food  elements.  One  soil,  for  example,  contains  .07  per  cent, 
of  nitrogen,  while  another  contains  .68  per  cent.  The  most  fertile 
soils,  however,  show  only  limited  variations  in  composition,  and 
if  the  soils  with  the  extreme  percentages  are  omitted,  the  arable 
soils  and  subsoils  of  the  state  show  about  the  following  average 
composition : 

TABLE  XV.    Averag>e  Oomposltion  of  Minnesota  Soils. 


Insoltible  matter... 

Potask 

Soda 

Lime 

Magnesia 

Iron  and  alntninia.. 

Phosphoric  acid 

Sulplitinc  acid 

Carbonic  acid , 

Volatile  matter , 

Humns 

NItroeen 


Surface 

Subsoil 

Per  Cent. 

Per  Cent. 

79.92 

82.41 

.4.3 

.40 

.45 

.32 

1.29 

1.78 

.61 

.80 

7.20 

8.32 

.20 

.17 

.10 

.06 

.62 

.93 

8.98 

533 

3.66 

.20 

.16 

N 


I 


it 


i-^ 


Note.— The  humus  and  nitrogen  form  a  part  of  the  volatile  matter. 
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Lime, — A  characteristic  feature  of  nearly  all  of  the  » 
the  state  is  a  large  amount  of  lime  in  the  form  of  disinte 
limestone.  Only  a  few  soils  have  been  found  deficient  ir 
The  average  lime  content  of  the  seventy-two  samples  of  s 
soil  reported  in  this  bulletin  is  1.29  per  cent.,  and  of  the  fif 
subsoils,  1 .78  per  cent.  (  CaO ) .  Not  only  is  there  a  large  a 
of  lime,  but  also  a  large  amount  of  magnesia.  In  the  s 
soils  the  lime,  magnesia,  and  combined  carbonic  acid  amo 
2.62  per  cent.,  and  in  the  subsoil  to  3.51  per  cent.  This 
amount  of  basic  matter  takes  an  important  part,  both  direct 
indirectly,  in  imparting  fertility.  In  many  parts  of  the  ^ 
States  there  are  large  areas  of  sour  or  acid  soils,  causec 
lack  of  lime,  magnesia,  or  other  basic  matter.  In  many  o: 
acid  soils  there  are  good  stores  of  phosphoric  acid  and  ] 
but  because  of  the  acid  condition,  the  plant  food  is  unavj 
The  large  amount  of  lime  in  the  soils  of  this  state  will,  ho 
prevent  the  formation  of  acid  soils  and  the  plant  food  from  1 
ing  unavailable. 

The  amount  of  lime  in  the  individual  soils  that  hav 
examined,  and  the  part  which  it  takes  in  making  the  plar 
available,  are  discussed  in  other  parts  of  this  bulletin. 
Red  River  Valley  subsoils,  20  to  25  per  cent,  of  lime  car 
was  found,  while  in  some  of  the  sandy  soils  there  was  lej 
.20  per  cent.  A  high  per  cent,  of  lime  has  usually  been  ; 
panied  by  a  high  per  cent,  of  magnesia,  suggesting  that 
of  the  lime  and  magnesia  are  derived  from  dolomite.  In 
of  the  prairie  subsoils  there  is  sufficient  carbonate  of  1 
give  a  light  grey  color,  and  cause  the  soil  particles  to  forr 
pound  grains  which  are  easily  crushed.  When  treated  wit 
nearly  all  of  the  soils  give  an  effervescence  caused  ^by  lib 
of  the  carbon  dioxide  gas.  The  high  state  of  fertility  of  n 
our  soils  is  due  largely  to  the  lime  they  contain,  which  h 
vented  the  formation  of  humic  acid  and  enabled  the  rem 
former  vegetation  to  form  with  the  soil  valuable  humatei 
which  our  grain  crops  derive  a  large  share  of  their  food, 
sionally  limited  areas  are  found  where  the  soil  could  be  im 
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by  the  addition  of  lime,  but  the  extensive  use  of  lime  fertilizers 
will  not  be  necessary  in  this  state  except  in  these  few  limited  local- 
ities. In  the  numerous  "old  lake  beds"  there  is  a  high  content 
of  lime,  and  many  of  the  low  lands,  which  are  at  present  consid- 
ered waste  lands,  contain  sufficient  lime  to  give  them  an  agricul- 
tural value. 

This  large  amount  of  lime  in  active  form  in  our  soils  renders 
it  possible  for  the  farmer  to  keep  the  plant  food  available  by 
means  of  thorough  cultivation,  farm  manures,  and  rotation  of 
crops,  without  the  necessity  of  purchasing  commercial  fertilizers 
to  supply  the  necessary  food  for  growing  crops. 

Potash, — In  the  72  surface  soils,  only  2  were  found  to  con- 
tain less  than  .15  per  cent,  and  6  less  than  .20  per  cent.,  while  23 
soils  contained  .50  per  cent,  or  more,  the  average  amount  being 
.43  per  cent.  The  average  soil  of  this  state  is  well  supplied  with 
potash.  Since  an  acre  of  soil  to  the  depth  of  one  foot  weighs 
about  3,200,000  lbs.,  the  potash  content  would  be  equivalent  to 
about  13,700  lbs. 

In  addition  to  the  potash  reported  in  the  tables,  there  is  a 
large  amount  which  is  insoluble  in  the  acid  used  for  analysis. 
This  potash,  however,  cannot  be  counted  upon  for  crop  purposes, 
because  it  is  in  such  complex  forms ;  in  fact,  only  a  small  amount 
of  the  13,700  lbs.  can  be  said  to  be  in  actually  available  forms. 
A  large  part  of  the  potash  of  the  soil,  particularly  of  soils  of 
granite  origin,  is  derived  from  the  disintegration  of  the  minerals 
mica  and  feldspar.  Microscopic  examinations  show  the  mica  and 
feldspar  in  various  stages  of  decomposition.  The  microscopic 
particles  of  feldspar  and  mica  contain  potash,  not  in  the  free 
state,  but  in  combination  with  other  elements.  In  fact,  the  main 
store  of  the  soil's  potash  is  present  in  these  soil  particles,  and 
when  the  soil  grains  are  decomposed,  the  potash  is  liberated  in 
simpler  forms,  as  the  zeolites,  which  gradually  become  available. 
In  the  presence  of  manure,  this  process  of  decomposition  of  the 
potash  minerals  is  hastened  by  the  chemical  action  of  the  manure 
upon  the  soil.  Thorough  cultivation  also  hastens  the  decay  of 
the  soil  particles.     Farm  manures  and  thorough  cultivation  are 
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the  two  main  forces  which  promote  disintegration  of  th( 
particles,  rendering  the  potash,  as  well  as  other  plant-fooc 
ments,  available. 

Soda» — In  the  soils  examined,  about  the  same  amount  oi 
as  of  potash  was  found.  While  the  soda  takes  no  direct  ps 
plant  nutrition,  it  is  frequently  of  indirect  value,  because  it 
source  of  alkaline  matter,  and  aids  in  maintaining  a  slightly 
line  condition  of  the  soil  which  is  beneficial ;  in  fact,  it  is  moi 
sirable  for  a  soil  to  contain  .40  per  cent,  of  soda  than  .20  per 
because  the  potash  and  soda  are  generally  combined  in  si 
forms,  and  a  fair  amount  of  soda  indicates  that  the  silicate 
partially  disintegrated.  The  state  of  decay  of  the  soil 
tides  in  a  granite  soil  may  be  told,  to  a  certain  extent,  b 
content  of  potash  and  soda. 

Phosphoric  Acid. — In  only  three  out  of  72  soils  was 
less  than  .10  per  cent,  of  phosphoric  acid.  The  soils  exar 
showed  on  an  average  aboiit  6,400  pounds  per  acre  of  phosp 
acid  to  the  depth  of  one  foot.  While  the  total  amount  is  ] 
it  is  difficult  to  state  the  extent  to  which  the  6,400  pound 
available.  In  the  prairie  soils  a  large  part  of  the  phosphoric 
as  shown  in  the  preceding  article,  is  combined  with  the  h 
or  organic  compounds  in  forms  available  for  crops.  The 
takes  an  important  part  in  rendering  the  phosphoric  acid  avai 
Soils  deficient  in  lime  and  containing  .20  per  cent,  of  phosp 
acid,  are  often  deficient  in  available  phosphates,  because  the 
condition  of  the  soil  prevents  the  formation  of  neutral  hun 
In  the  prairie  and  Red  River  Valley  soils  there  are  large  am 
of  both  lime  and  phosphoric  acid.  Soils  that  have  not  been 
tinually  cropped  to  small  grain  also  contain  large  amoun 
humus,  and  in  these  soils  the  phosphoric  acid  is  in  ava 
forms.  A  good  stock  of  lime  and  phosphoric  acid  renders  it 
sible  for  the  farmer  to  keep  the  phosphates  of  his  soil  availab 
crop  purposes  by  using  farm  manures  and  rotating  the  cro 
as  to  conserve  the  humus.  In  many  soils  the  phosphates 
become  unavailable  because  of  the  destruction  of  the  humus 
to  exclusive  grain  cultivation. 
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With  the  large  amounts  of  lime  and  phosphoric  acid  which 
our  soils  contain,  there  will  be  no  necessity  for  using  phosphate 
manures  for  general  farm  crops,  because  it  will  be  cheaper  to 
cultivate  available  phosphates  than  to  purchase  them.  This  can 
be  done  by  keeping  up  the  supply  of  humus  in  the  soil  to  com- 
bine with  the  phosphates.  Hilgard  states  that  if  a  virgin  soil 
contains  less  than  .05  per  cent,  of  phosphoric  acid  there  is  reason 
to  suspect  a  poverty  of  this  element.  In  most  of  the  soils  ex- 
amined three  or  four  times  this  amount  was  found. 

Nitrogen  and  Humus, — A  close  relationship  was  observed 
between  the  amounts  of  nitrogen  and  humus  of  the  soil,  a  high 
percentage  of  nitrogen  being  accompanied  by  a  high  percentage 
of  humus.  As  a  rule,  there  were  from  10  to  12  parts  of  humus  to 
one  of  nitrogen.  Any  increase  or  decrease  of  humus  has  been 
invariably  followed  by  a  corresponding  increase  or  decrease  of 
nitrogen.  The  nitrogen  of  grain  cultivated  soils  decreases  rapidly 
because  when  the  humus  decays  the  nitrogen  is  liberated  and 
forms  gaseous  products,  like  ammonia,  or  soluble  compounds  like 
nitrates,  which  are  readily  lost  in  the  drain  waters. 

The  exclusive  cultivation  of  small  grains,  particularly  wheat, 
has  resulted  in  the  unnecessary  loss  of  large  amounts  of  nitrogen. 
Many  of  the  rich  prairie  soils  contained  originally  .4  per  cent., 
or  more,  of  nitrogen, — about  a  third  of  a  pound  of  nitrogen  in  a 
cubic  foot  of  soil.  After  20  or  25  years  of  grain  cultivation  the 
nitrogen  has  been  reduced  to  about  .25  per  cent.  Only  a  compar- 
atively small  part  of  the  nitrogen  has  been  taken  away  by  the 
crops,  but  by  far  the  larger  portion  has  been  lost  because  of  the 
decay  of  the  humus.  On  some  soils  this  heavy  loss  has  not  as  yet 
been  felt,  because  there  is  such  a  large  amount  of  nitrogen  left  in 
the  soil,  but  on  many  soils  the  loss  of  the  nitrogen  and  humus 
has  been  the  main  cause  of  the  decline  in  crop  yields. 

The  large  amount  of  lime  which  our  soils  contain  enables  the 
nitrogen  to  become  available  for  crop  purposes  more  readily  than 
in  the  case  of  soils  deficient  in  lime,  since  the  lime  furnishes  the 
necessary  basic  material  for  making  the  nitrogen  available.  When 
the  nitrogen  is  combined  with  the  humus  it  is  in  a  stable  form, 


&' 


Digitized  by 


Goo^c 


74        CHARACTERISTIC  FEATURES  OF  MINNESOTA  SOILS 

but  as  soon  as  the  humus  is  destroyed  the  nitrogen  is 
lost  from  the  soil.  The  exclusive  cultivation  of  small  gi 
favorable  to  the  rapid  decay  of  the  humus.  The  grair 
grown  upon  the  soil  are  unable  to  take  up  all  of  the  n 
liberated  from  the  humus,  because  the  fermentation  of  the 
takes  place  for  nearly  seven  months  during  the  year,  \ 

J  wheat  crop  takes  85  per  cent,  of  its  nitrogen  from  the  soil 

]  the  first  50  days  of  growth. 

1  It  is  not  the  intention  to  convey  the  idea  that  it  is  u 

/]  able  to  grow  small  grains,  but  it  is  evident  that  it  is  dest 

to  the  fertiHty  of  the  soil  to  continue  to  raise  grain,  as  it  i 
year  after  year  upon  the  same  land,  and  in  the  same  way 
if  a  rotation  were  followed,  and  the  land  occasionally  m; 
both  a  better  yield  and  a  better  quality  of  grain  could 
cured. 

In  a  former  bulletin  (No.  53)  the  influence  of  crop  ro 
and  farm  manures  upon  the  nitrogen  content  of  the  soil  wi 
sidered.  Since  this  subject  has  such  vital  bearing  upo 
yields  and  soil  fertility,  a  few  of  the  main  facts  observed  < 
ported  in  the  former  bulletin  are  here  repeated  in  the  fori 
financial  statement  with  the  soil :  , 

PLOT  1.    Continuoua  Wheat  Culture. 

Nitrogen  in  soil  at  beginning  of  experiment,  per  cent 

Nitrogen  in  so'l  at  close  of  experiment,  percent 

Nitrogen  removed  in  crops,  lbs.  per  annnm 

1.  V      ,>  .  Nitrogen  lost  from  soil  in  addition  to  crop,  lbs 

\^    '  PLOT  2.    Rotation  of  Crops  (Wheat,  Clover.  Wheat.  Cora  and  Hi 

I  -  Nitroccn  in  soil  at  beginning  of  experiment,  per  cent 

r  Nitrogen  in  soil  at  close  of  experiment,  per  cent 

||4    .  Nitrogen  removed  in  crops,  lbs.  per  acre 

■  Nitrogen,  gain  to  soil  above  amount  removed  in  crops 

An  increase  of  five  bushels  per  acre  of  wheat,  and  t 
two  bushels  per  acre  of  corn,  was  secured  by  the  rotatiot 

Nitro^^en  is  the  only  element  of  the  soil  that  is  cap: 
being  increased  or  decreased  without  the  use  of  ordinary  m; 
and  since  it  is  the  most  expensive  and  one  of  the  most  es 
elements  for  plant  nutrition,  it  is  important  that  special  at 
be  ,cfiven  to  the  soil  nitrogen,  particularly  to  its  conser\^atio 
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Stated  in  former  bulletins,  it  is  the  main  element  from  which  the 
glutens  in  wheat  and  grains  are  produced,  and  it  is  also  one  of  the 
main  elements  of  chloryphyll,  which  takes  such  an  important  part 
in  the  production  of  plant  tissues.  Hence  it  will  be  seen  why  this 
clement  is  important  to  the  plant,  and  how  necessary  it  is  that 
the  soil  should  contain  a  good  supply,  and  that  every  effort  be 
made  for  its  conservation. 

Summer  Fallowing, — In  many  cases  the  loss  of  nitrogen  has 
been  hastened  by  the  extensive  practice  of  summer  fallowing, 
which  temporarily  increases  the  yields  of  succeeding  crops,  but 
in  the  end  results  in  unnecessary  loss  of  nitrogen.  Summer  fal- 
lowing causes  the  humus  to  decay  rapidly,  and  in  doing  so  four  or 
five  times  more  nitrogen  is  liberated  than  is  used  by  the  next  crop. 
Summer  fallowing  causes  an  increase  in  the  available  nitrogen, 
but  a  material  decrease  in  the  total  nitrogen :  Hence,  if  this  prac- 
tice is  continued,  the  original  store  of  nitrogen  will  soon  be  re- 
duced below  the  point  necessary  for  crop  production.  If  instead 
of  summer  fallowing  some  green  crop  were  grown  upon  the  land 
and  plowed  under,  as  green  manure,  there  would  be  a  new  stock 
of  humus  added  to  the  soil.  Bare  summer  fallowing  should  be 
superseded  by  green  manuring. 

In  case  the  land  is  out  of  condition,  and  fails  to  give  good 
yields  of  grain,  it  is  preferable  to  grow  a  crop  of  corn  upon  the 
land  rather  than  to  practice  summer  fallow.  When  corn  is  grown, 
an  increased  yield  of  wheat  may  be  obtained  the  next  year,  due  to 
the  fact  that  there  is  more  available  nitrogen  for  the  crop ;  in  fact, 
nearly  as  large  a  yield  of  wheat  can  be  secured  after  a  corn  crop  as 
after  a  year  of  fallow.  For  the  destruction  of  weeds  and  insects, 
an  occasional  year  of  fallow  is  not  objectionable,  but  alternate 
wheat  and  fallow,  as  practiced  on  some  farms,  results  in  only  a 
temporary  increase  in  yield,  at  the  expense  of  a  future  decrease 
and  permanent  injury  to  the  soil. 

The  numerous  analyses  of  soils  made  during  the  past  few  years 
at  this  Station  have  emphasized  the  fact  that  if  proper  means  are 
taken  to  conserve  the  nitrogen  and  humus,  there  is  but  little  to 
be  feared  from  the  mineral  elements  as  potash  or  phosphates  be- 


Digitized  by  VjOOQIC 


I 


76        CHARACTERISTIC  FEATURES  OF  xMlNNESOTA  SOILS 

coming  unavailable.  The  fact  that  one  of  our  average  so 
be  extracted  for  three  months  with  dilute  citric  acid,  ai 
after  the  acid  is  removed,  and  only  available  nitrogen  ai 
returned  to  the  soil,  a  crop  of  wheat  can  be  produced,  sho 
our  soils  have  an  unusually  large  amount  of  reserve  fertil 
can  be  drawn  upon  for  crop  production.  If  the  farmer  wil 
part  by  keeping  up  the  nitrogen  and  humus  of  the  soil,  nat 
do  her  part,  viz.,  keep  the  mineral  food  available.  A 
review  of  the  tables  of  analyses  shows  that  the  high  perc 
of  nitrogen  and  humus  in  the  long  cultivated  soils  are 
invariably  found  where  the  crops  have  been  rotated,  fa; 
nures  used,  and  clover  grown. 

Reaction  of  Soils. — The  reaction  of  the  soils  as  acid,  z 
or  neutral,  was  determined  by  means  of  moistened  litmu; 
Methods  have  not  as  yet  been  perfected  for  the  determin; 
the  degree  of  acidity  or  alkalinity  of  soils;  hence  it  is 
to  draw  definite  conclusions  from  simply  the  reaction.  T 
tested  have  given  acid,  alkaline  and  neutral  reactions.  ^ 
the  soils  that  contain  high  percentages  of  humus  and 
matter  gave  slightly  acid  reactions  as  well  as  many  th; 
reasonably  well  supplied  with  lime  carbonate.  A  slig 
reaction  does  not  necessarily  imply  deficiency  of  lime 
strong  acid  reaction  is  invariably  an  indication  of  lack  of  1 
li' .  active  basic  matter.     Some  of  the  native  (uncultivated) 

U  soils  give  slight  acid  reactions,  while  similar  soils  that  ha 

l{  .  cultivated  were  neutral.    It  is  believed  that  the  cultivatioi 

soil  and  the  partial  oxidation  of  some  of  the  organic  con 
have  been  the  cause  of  the  change  of  the  reaction  of  the  s( 
slightly  acid  to  neutral.  Soils  which  are  rich  in  organic 
must  necessarily  develop  a  slight  amount  of  acid  before  r 
zation  with  the  lime  can  take  place;  but  no  perceptible 
-"  "  of  acid  can  accumulate  because  of  the  neutralizing  actioi 

lime.    A  soil  that  is  deficient  in  lime  and  gives  a  decided 
action  is,  as  pointed  out  by  Wheeler,  at  the  Rhode  Island 
ment  Station,  in  need  of  some  form  of  basic  matter.     I 
soils  of  this  state  gave  decidedly  acid  reactions.    The  slig 
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ity  of  some  of  the  native  prairie  soils  containing  fair  amounts  of 
lime,  offers  in  part,  an  explanation  why  clover  so  frequently  fails 
on  new  land  but  will  thrive  on  older  land.  Clover  does  not  do 
well  when  there  is  a  slightly  acid  condition  of  the  soil.  The  large 
amounts  of  lime  and  potash  in  nearly  all  of  the  soils  of  this  state 
are  particularly  favorable  to  the  growth  of  this  nitrogen  restoring 
crop  (clover)  and  as  far  as  plant  food  is  concerned  there  is  no 
reason  why  clover  should  not  be  grown  on  all  of  the  prairie  soils. 
It  is  to  be  observed  that  the  clover  belt  of  the  state  is  gradually 
increasing,  and  there  is  every  reason  to  believe  that  in  the  few  lo- 
calities where  it  is  thought  that  clover  cannot  at  the  present  time 
be  grown  the  chemical,  mechanical,  and  bacteriological  changes 
which  are  continually  taking  place  in  the  soil  will  gradually  pre- 
pare the  way  for  this  important  crop.  The  condition  of  the  soil 
as  to  acidity  or  alkalinity  is  an  important  factor  in  the  determin- 
ation of  the  kinds  of  crops  that  are  capable  of  being  produced. 
For  general  agricultural  purposes  soils  which  show  only  a  slight 
degree  of  acidity  or  alkalinity  are  decidedly  preferable  to  those 
which  show  either  marked  alkaline  or  acid  reaction. 

Amonni  of  Plant  Food  in  Soils. — Since  the  draft  of  crops 
falls  heaviest  upon  Hie  nitrogen,  phosphoric  acid  and  potash  of 
the  soil,  it  is  necessary  specially  to  consider  these  three  elements. 
The  analyses  show  that  the  soils  examined  contained  on  an  aver- 
age 6,400  pounds  each  of  nitrogen  and  phosphoric  acid  and  13,700 
pounds  of  potash  per  acre  to  the  depth  of  one  foot,  which  are 
large  total  amounts  of  plant  food.  The  relative  amounts  of  plant 
food  elements,  compared  with  the  total  soil  are,  however,  small. 
This  fact  is  best  observed  from  the  illustration,  fig.  7,  which 
gives  graphically  the  composition  of  the  surface  and  subsoils. 
The  dark  part  of  the  volative  matter  shows  the  amount  of 
nitrogen  in  each  of  the  bottles  of  soil.  In  100  pounds  of  soil  there 
is  a  fifth  of  a  pound  of  nitrogen  and  when  it  is  distributed  through 
the  soil  it  forms  only  a  small  amount  of  the  total.  In  like  manner, 
it  will  be  seen  that  the  potash.  No.  6,  and  the  phosphoric  acid. 
No.  7,  form  only  a  small  part  of  the  soil.  The  nitrogen,  phos- 
phoric acid  and  |X)tash  considered  as  a  whole  make  less  than  one 
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AAv.  72  Sur- 
face soils. 


B.     Av.  57  Sur- 
face soils. 


Av.  52  Sub- 
soils. 


Av.  42 

soils. 


Fig.  No.  7.     Average  composition  of  soils. 


1.  Nitrogen,  (black  part  of  volatile.)  4.     Maenesia. 

2.  Lime.  5.    Soda. 

3.  Combined  carbonic  acid  gas.  6.     Pota  h. 


7.  Phosphor 

8.  Sulphuric 


per  cent.  (.83) .  The  heavy  draft  of  our  crop%  falls  upon  th 
parts :  No.  i  nitrogen,  No.  6  potash,  and  No.  7  phosphor 
In  the  case  of  our  most  fertile  soils  it  can  be  said  that  lej 
one  part  of  the  soil  is  material  that  can  be  used  for  cro 
and  that  99  parts  or  more  are  inert  materials  which  cann( 
tribute  to  the  growth  of  a  plant.  In  the  soil  the  plant  food 
set  off  by  itself  as  shown  in  the  bottles  but  the  nitrogen, 
phoric  acid  and  potash  form  a  part  of  each  minute  soil  grs 
are  diluted  by  the  large  amounts  of  inert  matter.  The  il 
tions  enable  us  to  understand  how  it  is  possible  for  the  plai 
to  be  covered  up,  as  it  were,  by  the  inactive  material  in  tl 
When  it  is  recalled  that  crops  feed  largely  upon  nitrogen 
phoric  acid  and  potash  which  form  a  relatively  small  amc 
the  total  soil,  the  importance  of  keeping  this  small  amount 
most  available  forms  by  thorough  cultivation,  farm  manur 
rotation  of  crops  presents  itself  in  a  most  emphatic  way. 
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Adaptability  of  Soils  to  Variety  of  Crops. — The  mechanical 
analyses  that  have  been  made  show  that  the  silt  particles  form  by 
far  the  larger  portion  of  the  different  grades  of  soil  particles.  In 
the  prairie  subsoils  40  to  60  per  cent,  is  silt, — particles  between 
sand  and  clay  in  size.  The  preference  of  certain  kinds  of  crops 
for  clay  or  sandy  soils  is  well  known.  The  silt  soils  being  of  an 
intermediate  character  and  possessing  the  desirable  features  and 
not  the  objectionable  ones  of  sand  and  clay  are  naturally  adapted 
to  the  production  of  a  great  variety  of  crops.  Chemically,  the 
soils  are  well  supplied  with  plant  food,  and  physically  many  of 
them  are  composed  largely  of  the  silt  particles.  This  combina- 
tion favors  the  production  of  a  variety  of  farm  crops.  In  ordin- 
ary clay  or  sandy  soil  only  a  limited  number  of  crops  can  be 
produced  economically,  because  the  physical  properties  of  the  soil 
and  the  available  water  supply  are  favorable  to  only  a  few  crops. 
In  the  case  of  silt  soils  with  15  per  cent,  of  clay,  a  fair  amount 
of  lime  carbonate,  and  a  good  stock  of  plant  food,  the  most  fa- 
vorable conditions  exist  for  the  unrestricted  production  of  gen- 
eral farm  crops.  Extreme  types  of  sandy  and  clay  soil  are  found 
in  the  state,  but  in  the  average  soil,  silt  predominates.  Mechani- 
cally considered,  the  silt  soils  are  particularly  adapted  to  a  rota- 
tion of  crops.  In  fact  the  fertile  silt  soils  with  15  per  cent,  clay 
and  a  small  amount  of  lime,  can  by  the  art  of  the  cultivator  be 
made  suitable  for  the  production  of  almost  any  farm  crop. 

Weeds  and  Fertility. — On  many  farms  weeds  have  been  one 
of  the  causes  of  a  decline  of  fertility.  In  most  of  our  weeds  there 
are  larger  amounts  of  nitrogen,  phosphoric  acid,  and  potash  than 
are  found  in  a  corresponding  weight  of  grain.  When  a  poor 
stand  of  grain  and  a  rank  crop  of  weeds  are  harvested,  the  soil 
is  robbed  of  more  fertility  than  if  a  heavy  crop  of  grain  had 
been  produced.  The  weeds  are  harvested  with  the  grain  and  the 
weed  seeds  sold  from  the  farm  with  the  grain,  or  rather  given 
away  as  dockage,  which  results  in  a  loss  of  fertility  from  the 
land.  The  stronger  feeding  weeds  appropriate  the  available  plant 
food  which  belongs  to  the  grain  crops.  Weeds  are  also  capable 
of  feeding  upon  cruder  forms  of  food  than  are  the  grains,  and 
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when  the  weeds  are  harvested  along  with  the  crop  the  i 
available  plant  food  is  reduced.  If  weeds  could  be  plo\ 
der  before  seeds  develop,  and  left  to  rot,  the  fertility  wc 
be  lost,  and  the  weeds  would  be  useful  in  preparing  the  ' 
the  more  delicate  feeding  grain  crops.  With  a  good  sy 
green  manuring  this  can,  in  part,  be  accomplished,  z 
weeds  be  used  as  a  soil    digesting  crop. 

The  fact  that  some  weeds  take  more  fertility  from 
than  an  average  grain  crop  may  be  observed  from  the  fo 
table,  which  gives  the  pounds  of  the  three  plant  food  elemt 
ton  of  material,  and  also  the  amount  removed   in  an  ; 
acre  of  wheat. 


TABLE  XVI.    Fertility  Bemoved  by  Wheat  and  Weeds. 


Wheat,  20  buHhels.  with  straw 

Mustard  (entire  plant) 

Pitfcon  ^rass 

Wild  barlev 

Wild  oats 


Nitroircn. 
Pounds. 


Phosphoric 

Acid. 

Pounds. 


35 

20 

65 

26 

85 

20 

4.0 

2() 

3(» 

18 

On  some  farms  the  soil  is  compelled  to  stand  the  drain  ol 
three  competing  weed  crops,  which,  with  the  scant  grain  a 
suits  in  the  loss  of  a  larger  amount  of  total  plant  food  th 
h^avy  yield  of  grain  were  produced.  When  weeds  take  pos 
of  the  land,  the  weaker  feeding  grain  crops  are  compe 
compete  with  the  stronger  feeding  weeds,  and  the  result  is 
val  of  the  stronger.  Weeds  thrive  where  wheat  would  f; 
cause  of  the  difference  in  the  power  of  assimilating  food, 
may  be  said  to  possess  strong  digestive  and  assimilative  f 
while  wheat  and  flax  possess  weak  digestive  powers ;  hence 
are  capable  of  exhausting  the  fertility  of  the  soil  more  \ 
than  grains 

Reserve  Fertility  of  the  Soil. — In  every  soil  there  ar< 
amounts  of  what  may  be  termed  reserve  fertility,  that  is 
food  which  is  not  in  the  most  available  forms,  but  is  capi 
being  made  so  by  cultivation.     It  should  be  the  aim  to  kei 
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reserve  fertility  in  such  a  condition  that  it  will  gradually  become 
available  and  can  be  drawn  upon  by  future  crops.  When  the  soil 
is  made  to  produce  one  crop  year  after  year,  there  is  but  little 
opportunity  for  the  reserve  fertility  to  become  available. 

The  mineral  elements  of  plant  food,  it  should  be  remembered, 
are  present  in,  and  form  a  part  of  the  microscopic  soil  particles 
shown  in  figures  Nos.  2,  3,  and  4.  The  plant  abstracts 
its  food  from  these  soil  particles,  and  the  less  decomposed  they 
are,  the  more  difficult  it  is  for  the  plant  to  obtain  its  food.  If 
proper  means  are  taken,  it  is  possible  to  have  some  mineral  food 
in  all  the  different  stages  of  decomposition,  so  that  as  soon  as  the 
most  available  is  taken  up  by  the  cfop  there  are  other  forms  ready 
to  be  acted  upon  and  made  available  to  take 'the  place  of  that 
which  has  been  removed. 

The  farmer  in  preparing  food  for  his  crops  should  look  upon 
the  problem  in  the  same  way  as  does  the  housewife  in  her  prepar- 
ation of  her  daily  food.  The  available  supply  may  be  said  to  be 
that  which  is  on  the  table  and  ready  to  be  consumed.  The  reserve 
supply  is  that  which  is  in  the  unprepared  forms  of  flour, 
sugar,  meat,  etc.  It  would  be  considered  very  poor  management 
to  allow  the  reserve  supply  to  become  exhausted  and  take  no 
measures  for  its  replenishment.  So  with  plant  food.  Nature  has 
prepared  a  generous  supply  in  available  forms,  but  unfortunately 
the^'cultivator  of  the  soil  does  not  always  use  the  proper  means 
to  keeg.  up  the  reserve  store  to  take  the  place  of  that  which  nature 
has  supplied,  and  the  result  is  a  decline  in  the  yield  of  crops. 
If,  however,  the  reserve  supply  is  kept  up  and  is  called  into  use, 
no  decline  takes  place.  The  farmer  should  prepare  the  reserve 
pbnt  food  in  the  soil  so  that  it  can  gradually  be  brought  into 
use  when  needed,  in  the  same  way  that  the  housewife  holds  in 
reserve  flour,  sugar  and  meat. 

When  it  is  more  generally  understood  that  plants  as  well  as 
animals  need  food  and  that  it  is  possible  to  assist  nature  in  prepar- 
ing this  food,  the  necessity  of  keeping  up  a  good  working  supply 
both  available  and  reserved  will  be  more  fully  recognized. 

What  is  this  reserve  plant  food,  and  how  can  it  be  kept 
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available?  It  is  the  plant  food  which  is  in  process  of  bee 
available,  and  the  process  can  be  hastened  by  the  use  of  fan 
nures,  rotation  of  crops,  and  thorough  cultivation.  Th 
that  farm  manures  aid  in  making  plant  food  available  ha; 
demonstrated  in  former  bulletins.  The  action  of  the  ve^ 
matter  upon  the  soil  particles  is  also  shown  by  the  micrc 
examination  of  the  surface  and  subsoils.  The  surface  soil 
cles  in  the  presence  of  ordinary  amounts  of  vegetable  matt 
different  in  character  from  the  same  kinds  of  particles  in  th 
soil  which  is  comparatively  free  from  organic  matter, 
presence  of  the  vegetable  matter  the  surfaces  c^f  the  soil  pa 
are  more  roughened  and  appear  as  if  they  had  been  actec 
by  some  solvent  or  eaten  into.  This  roughening  of  the  surf; 
the  particles  is  due  to  the  action  of  the  vegetable  matter,  aid 


1 


Pig.  No.  8.     A.  iMatiTe  praire  soil.     B,  Bumutt 
materials  extracted  from  soil  A. 


doubtedly  by  micro-organisms.  The  mineral  plant  food  eh 
which  have  been  detached  from  the  surfaces  of  the  soil  p3 
or  microscopic  stones,  and  combined  with  the  vegetable  r 
form  the  reserve  and  finally  the  available  plant  food  of  the  s 
Importance  of  Crop  Rotations,  and  the  Use  of  Farm  Mam 
A  brief  review  of  ^h^.  facts  presented  in  this  bulletin  and  ob 
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as  the  result  of  the  chemical  and  mechanical  analysis  of  the  soils 
of  this  state,  the  study  of  the  available  plant  food,  and  the  action 
of  the  organic  matter  upon  the  soil  particles,  emphasize  the  im- 
portance of  the  systematic  rotation  of  crops,  the  judicious  use 
of  farm  manures,  and  the  thorough  cultivation  of  the  land  as  the 
proper  means  for  conserving  the  fertility  of  the  soil.  It  is  evi- 
dent that  if  these  measures  are  taken  in  time  the  decline  in  the 
yields  per  acre  of  wheat  and  small  grains  can  be  prevented.  The 
wheat  crop  is  not  necessarily  "hard  on  the  land;''  an  average 
wheat  crop,  as  shown  in  bulletins  Nos.  29  and  47  of  this  station 
does  not  remove  from  the  soil  any  more  fertility  than  a  com  or 
a  heavy  grass  crop.  When  wheat  or  a  small  grain  crop  is  grown 
exclusively  the  decline  in  the  yield  which  invariably  results  is 
due,  not  so  much  to  the  fertility  that  is  removed,  as  to  the 
effect  which  the  crop  and  the  method  of  cultivation  have  upon 
the  soil.  The  uncovered  condition  in  which  wheat  lands  are  left 
for  nearly  eight  months  in  the  year  is  the  cause  of  the  heavy 
loss  of  fertility.  It  is  unnatural  for  a  soil  to  be  continually  under 
the  plow,  no  new  vegetable  matter  is  added  to  the  land,  and  a 
rapid  decline  of  the  soils  original  stock  occurs.  The  fact  that 
weeds  grow  so  vigorously  when  the  one  crop  system  is  followed 
is  a  sign  that  nature  protests  against  such  a  practice. 

When  the  large  amounts  of  plant  food,  the  lime  content,  the 
balanced  condition  and  the  unique  chemical  composition  and 
mechanical  structure  of  our.  prairie  soils  are  considered,  and 
then  the  fact  that  less  than  twelve  bushels  of  wheat  per  acre  are 
obtained  from  some  of  these  "old  wheat  lands,"  it  is  evident  they 
arc  not  producing  the  crops  that  nature  intended.  How  can  these 
old  wheat  lands  be  made  more  productive?  Various  ways  have 
been  proposed,  as  summer  fallowing,  and  the  use  of  commercial 
fertilizers.  Summer  fallowing,  as  shown  on  preceding  pages  is 
temporarily  beneficial,  but  when  practiced  only  puts  off  the  trou- 
ble and  makes  it  more  serious  to  deal  with  in  the  future.  The  use 
of  commercial  fertilizers  has  been  suggested.  It  is  doubtful  if 
fertilizers  costing  $35  to  $50  or  more  per  ton  can  be  used  economi- 
cally on  prairie  soils  for  the  production  of  wheat,  since  a  heavy 
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application  of  the  fertilizer  would  in  many  cases  exceed  the  m 
value  of  the  land.  If  used,  weeds  as  well  as  crc^  would  be  ^ 
lized  and  the  weeds  would  certainly  get  their  share.  The  u. 
commercial  fertilizers  is  advisable  only  where  intensified  fan 
is  followed.  In  fact,  neither  summer  fallowing  nor  comm< 
fertilizers  can  be  relied  upon  to  solve  the  problem. 

The  only  rational  way  to  make  old  wheat  lands  more  produ 
is  to  rotate  the  crops,  use  farm  manures  and  practice  more 
ough  cultivation.  When  crops  are  judiciously  rotated,  exce 
losses  of  nitrogen  and  humus  are  prevented,  and  the  evils  of  j 
crop  system  avoided.  The  use  of  farm  manures  and  the  thor 
cultivation  of  the  land  aid  in  making  the  reserve  plant  food  ; 
available.  In  the  cultivation  of  the  land  the  farmer  should 
to  assist  nature  in  making  plant  food  available  and  not  att 
to  work  against  her. 

Every  factor  in  nature  seems  to  have  been  at  work  to  mak< 
prairie  soils  fertile.  They  have  been  formed  frcMn  a  variety  o 
best  kinds  of  soil  producing  rocks  and  minerals  which  have 
pulverized  and  distributed  by  glacial  action,  ^and  enriched  b] 
natural  workings  of  animal  and  vegetable  life.  It  is  the  dui 
every  cultivator  of  the  3oil  to  assist  nature  in  the  preservatic 
the  fertilitv  of  the  soiL 
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BEETLES 

(Coleoptera) 
INJURIOUS  TO  OUR  FRUIT-PRODUCING  PLANTS. 

This  extensive  Order  of  insects  embraces  over  80,000  differ- 
ent kinds  of  beetles,  of  which  over  11,000  species  are  found  in 
North  America  north  of  Mexico.  A  very  large  number  of  de- 
structive  beings  is  placed  in  this  order.  They  are  not  alone  in- 
jurious to  the  foliage  and  fruit,  but  also  to  the  very  trunks  and 
roots  of  trees.  Some  of  them  exist  freely  exposed  in  all  their 
stages,  while  many  more  live  hidden  in  infested  plants,  in  fruit, 
in  seeds,  and  in  the  soil  near  by.  Notwithstanding  the  various 
forms  at  home  in  all  conceivable  places,  they  are  readily  recog- 
nized as  beetles,  and  only  a  very  few  rare  species  may  give  the 
farmer  trouble  in  placing  them  in  the  Order  to  which  they  belong. 
In  a  few  words  the  following  definition  will  describe  all  kinds  of 
beetles :  they  possess  a  pair  of  horny  uing-covers  called  elytra, 
which  meet  on  the  back  in  a  straight  line,  i.  e.,  do  not  overlap,  and 
beneath  these  horny  organs  are  the  true  wings,  composed  of  more 
or  less  delicate  membranes.  The  mouth-parts  are  formed  for 
biting,  not  for  sucking.  The  metamorphosis  is  complete,  or,  in 
other  words,  the  different  stages  do  not  resemble  each  other,  and 
the  pupa  is  inc^tive,  neither  moving  about  nor  taking  food. 

Any  insect  possessing  the  above  characteristics  is  a  beetle,  and 
in  Minnesota  there  need  be  no  difficulty  in  recognizing  it  as 
such.  The  scientific  term  Coleoptera  is  derived  from  two  Greek 
words :  coleos,  a  sheath,  and  pteron,  a  wing.  This  name  character- 
izes these  insects  very  well,  as  the  horny  and  sheath-like  el)rtra  or 
wing-covers  protect  the  delicate  true  wings  below.  Sometimes 
these  elytra  cover  the  whole  upper  part  of  the  abdomen  as  well. 
Although  they  occupy  the  position  of  the  fore-wings,  they  are, 
perhaps,  not  true  wings  at  all,  as  in  all  events  they  are  not  used 
for  flight.  The  hind-wings  are  membranous  and  excellent  organs 
for  flight,  being  mostly  very  large,  with  few  but  strong  support- 
ing veins.    When  not  in  use  these  wings  are  snugly  folded  be- 
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neath  the  horny  wing-covers.  To  enable  the  beetle  to  fc 
large  organs  beneath  the  very  much  smaller  el)rtra  they 
only  folded  lengthwise  like  a  fan,  but  also  crosswise,  v 
made  possible  by  a  sort  of  hinge  or  joint  beyond  their  midd 
structure  of  both  elytra  and  true  wings  can  be  best  stu 
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Pig.  1. — Upper  surface  of  Necropborua  americaaua:  a.  mandible;  6, 
palpus;  c,  labrum;  </,  clyprus;  e.  antennae;  f,  front:  gt  vertex;  A,  occipn 
k,  eye;  /.  pronotnm  (uflually  callrd  prothorax'):  m,  elytron;  a,  li 
o.  scntellnm  of  meso-t borax;  p,  metanotum  (or  dorsal  surface  of  met 
q,  femur  or  thigh;  r,  r.  r.  tergites  of  the  abdomen;  s,  a*,  «*,  spiracles  or 
t,  t',  t",  tibise,  f,  tibial  spurs;  w,  tarsi.    After  Leconte. 


dissecting  some  common  large  beetle.     Fig.    I    shows 
elytron  (m),  and  a  true  wing  (n) ;  Fig.  3  shows  the  sann 
in  a  Tiger-beetle  (Cicindela). 

There  are  a  number  of  beetles  that  do  not  fly,  and, 
ing  to  the  natural  law  that  organs  not  used  become 
rudimentary,  the  lower  or  true  wings  have  dwindled  t< 
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nothing,  or  have  disappeared  entirely.  In  many  cases  of  this  kind 
we  find  that  the  wing-covers  do  not  simply  meet  on  the  back,  but 
that  they  are  actually  soldered  together,  so  that  the  el)rtra  form  one 
solid  piece;  the  suture  can,  however,  readily  be  detected.  (Com- 
pare illustrations  i8o  and  i8i). 

The  exposed  parts  of  the  body  of  most  beetles  are  very  hard 
and  homy.  This  is  at  least  the  case  with  all  such  as  lead  an 
active  life,  and  is  very  necessary  to  their  very  existence,  not  only 
as  a  protection,  but  also  because  the  muscles  enabling  them  to  run 
or  fly  have  to  be  fastened  to  this  exterior  skeleton.    Less  active 


Fij(.  3. — Upper  snrface  of  Cicindela:  coss,  epistemum  of  meso-thorax;  epm 
enlxncron  of  meso-thorax;  acatelf,,  scateUum;  scats,  scutumof  meta-thornx;  D  — 
D»,  dorsal  seirments  of  abdomen;  /,  vena  marglnalis;  I/,  vena  mediastina;  ///, 
vena  sicaoiilaris;  V,  vena  ezterno-media;  VII,  vena  cnbitalis,  IX,  vena  intemo- 
media;  XI,  vena  analis.    After  Ganglbauer. 


beetles,  and  all  others  in  their  earlier  stages,  in  case  they  are  not 
forced  to  search  for  their  food  or  when  surrounded  by  some  pro- 
tecting material,  as  soil,  wood,  or  fruits,  are  usually  softer ;  their 
outer  covering,  which  is  composed  of  chitine,  a  horn-like  sub- 
stance, is  in  such  cases  soft,  frequently  very  much  so.  Such  a 
pliable  skin  is  very  important  in  the  early  stage  of  a  beetle,  as  it 
enables  the  larva  to  stretch  during  its  rapid  growth,  and  to  form 
the  organs  of  the  adult  insect  while  changing  to  a  pupa. 

The  biting  mouth-parts  are  well  developed  in  all  true  beetles, 
and  we  do  not  find  some  of  them  enlarged  at  the  expense  of 
others,  as  in  the  case  of  butterflies  and  moths.    The  upper  lip  or 
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PijT.  2.— Under  surface  of  Hmrpalua  caJiginoaaa:    a,  lignla;  b,  paraglosi 

f>ortft  of  lat^ial  palpi;  d,  labial  palpan;  e,  meotum;  f^  inner  lobe  of  maxilla 
obe  of  maxilla;  b,  maxillary  palpus;  /,  mandible;  Ir,  buccal  oprniog;  / 
throat;  m,  m,  buccal  sutures;  o,  gular  suture;  o,  pro-sternum;  p',  epist 
pro-thorax;  p,  epimeron  of  pro-thorax;  q,  q'^  q",  coxae;  r,  r*,  r\  trc 
«,  «',  »",  femora  or  thighs;  t,  t'.  t",  tibiae;  f,  f»,  v»,  etc.,  ventral  abdot 
ments;  w.  epistema  of  meso- thorax  (the  epimeron  is  just  behind  it); 
temum;  .r.  epistemum  of  meta-thorax;  j ',  epimeron  of  meta-tborax; 
sternum.    After  Leconte. 

labrum  is  usually  distinct ;  the  mandibles  are  strong  jawi 
can  be  used  for  gnawing  and  for  seizing  the  prey ;  the  com 
maxillae  are  also  well  developed  and  are  composed  of 
pieces ;  the  maxillary  palpi  are  usually  prominent ;  the  low( 
labium  is  composed  of  several  pieces,  and  bears  prominer 
palpi.    All  thewe  parts  are  shown  in  Figs.  2,  4,  5  and  7. 
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Pig.  '4.—  Under  surface  of  male  CMndcta:  a,  antenna  or  feeler;  Ibr,  anterior  mar- 
gin of  Inbrum;  md,  mandibtiln;  mx.  maxilla;  p.  mx.  maxillary  palpus;  m.  menttim; 
p.  /.,  labial  palpns;  s.  g.,  inilai*  snttire:  st,  prostemtim;  aC>.  mesosterntim;  «ts, 
metasterntim;  epji^.  eps3.  epsS.  episterna  of  pro-,  meso-  and  meta-thorax;  epmi, 
epntQ.  epimera  of  pro-  and  meso-thoraz;  r-rT.  ventral  seRmenta  of  forceps;  ci,  c>, 
c».  coxae;  tri.  tr^,  tr«.  trochanters:  H, /a,  f3,  femora;  tib^.tib*.  t/6«.  tibia;  ti,  ta. 
r*.  tarsi.     After  Gangrlbaner. 


st. 


Plj5.  7. — Head  and  thorax  of  Gjrinva  from  the  side:  tint,  antennae  or  feeler;  cl, 
dypetis;  Ibr,  lat>nim;  p.  /..  labial  palpi;  m.  mandible;  st,  prostcrnum;  c,  coxa  of 
firontIrK-  each  compound  eye  la  divided  into  two  parta.  one  above  the  antennae 
and  one  below.    Afcer  uan^lbatier. 


The  Snout-beetles y  which  form  the  suborder  Rhynchophora 
of  the  order  ColeopterOf  have  the  head  more  or  less  prolonged  into 
a  snout  or  beak  called  the  rostrum,  which  is  in  some  cases  longer 
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than  the  rest  of  the  body.     Such  beaks,  as  may  be  seen  in 
ures   illustrating  snout-beetles,   vary   greatly,   being   sor 
broad  and  short,  long  and  thin,  or  straight  or  curved, 
very  tip  of  this  beak  we  find  the  sharp  jaws,  at  least  wl 


Ijbrum. 

antenna. 

compound  e:/e. 


Piff.  6. — Division  of  body;  separated  to  show  paiM- 

adult  insect  is  still  very  young  and  has  only  shortly  left  th 
The  slender  feelers  or  antennae,  elbowed  in  the  middle,  ari 
the  sides  of  the  beak,  and  frequently  fit  into  grooves,  so  i 
well  protected  when  the  beak  is  inserted  into  food. 


Fi«.  6.— Byes  of  beetles:     A,  of  Catoaoma;  B,  of  Cbryaobotbria;  C,  of 
D,  of  Tomieua;    B,  of  Geotrupes;  P,  of  Tctropium. 
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The  compound  eyes  (Fig.  6)  of  most  beetles  are  prominent, 
and  are  of  various  forms :  round,  oblong,  kidney-shaped,  curved, 
or  in  one  case  even  divided  in  the  middle,  thus  giving  the  impres- 
sion that  the  insect  possesses  four  instead  of  two  eyes  (Fig.  7). 
Each  eye  is  composed  of  many  six-sided  facets,  varying  in  ntmiber 
from  a  few  to  many  hundreds.    Some  beetles  found  in  caves  have 


\M  ^^^ 


Pig.  8 — Serrate  Antenna  and  modificntiona:  1,  •errate;  2,  pectinate:  3,  bl- 
pectinate;  4.  flabellale;  6.  plumose;  6.  7,  8,  irregmlarly  serrate,  approachiniir  the 
Clavicom  tvpe.     After  Leconte  and  Hum. 


.^..^MS^ 


Pig.  9.—CIavate  Antennm,  I-IO;  Capillary  and  Vetticillate,  11;  MonJltiform,  12; 
Lamellate,  ld<15;  Irregular,  16.    After  Leconte  and  Horn. 

no  eyes  at  all.  Ocelli,  or  single  eyes,  do  not  often  occur,  though 
some  beetles  have  tw^o  or  even  only  one  ocellus.  The  compound 
eyes  of  snout-beetles  are  usually  small  and  round. 

The  feelers  or  antennae  of  beetles  possess  various  forms,  some 
of  which  are  exceedingly  singular  and  beautiful,  resembling  feath- 
ers.   A  number  of  such  feelers  are  shown  in  Figs.  8  and  9.    To 
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give  space  to  the  numerous  sense-organs  located  in  them 
crs,  usually  composed  of  eleven  joints,  are  either  lengtl 
very  much  ,  are  feather-like,  or  are  like  the  leaves  in  a  1 
in  this  manner  have  the  entire  surface  greatly  enlarged, 
of  the  feeler  serves  to  a  great  extent  as  a  basis  for  clas 
hence  its  diflferent  shapes  have  received  special  names,  2 
seen  by  consulting  the  illustrations. 

Like  other  insects,  beetles  possess  a  thorax  composec 
pieces,  closely  soldered  together  (Fig.  5).  In  most  insect 
face  of  all  three  pieces  can  be  seen  from  above ;  in  beel 
ever,  only  the  anterior  piece,  the  usually  broad  pro-thora 
ble  on  the  back.  The  two  other  pieces  are  hidden  below 
exception  of  a  small  wedge-shaped  piece,  a  section  of 
thorax,  which  is  termed  the  scutellum.  This  is,  in  m 
plainly  visible  where  the  sutures  of  the  el)rtra  join  neai 
terior  margin  of  the  pro-thorax.  A  study  of  the  illustra 
explain  the  anatomy  better  than  a  mere  description.  The 
joins  the  thorax  by  a  wide  base ;  the  former  is  in  many 
tirely  hidden  and  protected  by  the  wing-covers,  hence 
soft.  But  whenever  these  wing-covers  are  short,  ther 
face  of  the  abdomen  not  covered  by  them  is  hard  and  h( 
always  is  on  the  unprotected  lower  surface.  When  no 
the  abdomen  is  not  only  soft,  but  also  light  in  color ;  al 
parts  are  darker,  and  frequently  beautified  with  marking 
ous  colors  and  patterns. 

Besides  the  wings  already  mentioned  the  adult  be 
as  organs  of  locomotion  six  legs,  which  vary  greatly  11 
shape,  as  may  be  seen  in  Fig.  10.  Beetles  which  live  in  \ 
them  adapted  for  swimming;  those  that  have  to  run 
search  of  other  insects  possess  very  long  legs  to  enabl 
catch  their  prey.  Others  again,  which  live  upon  pk 
their  legs  arranged  to  hold  on  as  tightly  as  possible,  so  ai 
blown  down  by  even  a  heavy  wind,  and  still  others,  whi 
the  ground,  have  at  least  their  front  legs  so  arranged 
can  burrow  with  great  ease.  In  fact,  by  looking  at  the 
beetle  tlie  observer  can  soon  judge  what  the  habits  of  1 
are.  In  most  cases  the  legs  are  the  principal  org^s  c 
tion,  and  only  in  a  limited  number  of  beetles  are  boti: 
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ings  used  with  equal  facility.  At  all  events  it  is  with  but  few  ex- 
ptions  easier  for  a  beetle  to  run  than  to  fly,  simply  because,  in 
eparing  to  fly,  it  is  forced  first  to  lift  the  wing-covers  out  of  the 
ay  to  permit  the  folded  true  wings  to  come  into  action.  Who- 
er  has  watched  a  June-bug,  which,  attracted  to  the  light,  had 
opped  upon  a  smooth  table,  and  has  seen  it  try  to  escape  by 
ght,  has  also  noticed  how  awkward  it  is,  and  that  it  has  first  to 
awl  upon  some  elevated  object  to  be  able  to  unfold  the  true  wings 
all.  First  the  heavy  wing-covers  are  lifted  right  over  the  head, 
en  the  true  wings  are  unfolded,  and  after  a  sort  of  pumping  mo- 


Pig.  10. — Natatoriat  Legs,  1-2;  Fossorial,  3.  Tibia:  urgruicnlate.  -4;  mncro- 
lie.  6;  clo<ed  corbels,  6;  open  corbels.  7.  Tarsi:  lobed  beneath.  8;  lobed  and 
ith  onychium.  9.  CI iws  or  Ungaen:  pectinate,  10;  serrate,  11;  toothed.  12; 
othed  and  sermlate.  13;  dett.  with  eq<ia1  movable  pnrtK,  14;  unequally  deit,  16; 
Sd  also  toothed.  16;  cleft  and  divaricate.  17;  connate  at  base,  18;  with  mem- 
anons  appendages,  10;  chelate,  20.     After  Leconte  and  Horn. 


on  the  beetle  eventually  flies  away,  perhaps  against  the  lamp  to 
ipeat  the  ludicrous  performance  over  and  over  again.  The  legs 
f  adult  beetles  are  homy,  and  usually  very  strong.  Each  is  com- 
osed,  as  may  be  seen  in  the  illustrations,  of  a  number  of  joints, 
e.  the  coxa,  trochanter,  femora,  tibia  and  tarsus.  The  number 
f  joints  in  the  tarsus  or  toes — if  we  can  call  such  organs  arranged 
Jngthwise  by  such  a  name — varies  from  three  to  five,  the  last  one 
inninating  in  most  cases  in  a  pair  of  sharp  claws.  The  classifi- 
ation  of  beetks  depends  largely  upon  the  number  of  such  toes, 
►hich  are,  however,  not  always  easily  seen.  In  some  cases  the 
^rminal  two  are  soldered  together,  or  the  last  one  is  sunk  in  the 
ne  above  it,  and  sometimes  it  requires  close  study  to  detect  the 
eal  number  of  these  useful  organs.    The  lower  surface  of  some 
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or  of  all  the  tarsi,  is  clothed  with  small  pulvilli,  looking 
which  are  used  almost  like  sucking  disks  to  enable  it 
adhere  to  smooth  surfaces. 

The  beetles  undergo  a  complete  metamorphosis, 
usually  soft,  white  or  colored,  are  deposited  by  the  m 
or  near  the  food  required  by  the  young.  These  eggs 
into  larvae,  which  are  commonly  called  "grubs,"  as,  fc 
the  well-known  "white  grub.*'  Other  larvae  are  cove 
thick  integument,  as  the  young  of  our  common  click-b 
known  by  the  name  "wire-worms."  Most  of  the  larvae  a 
clumsy  looking  objects,  with  darker  and  horny  heads, 
pairs  of  rather  awkward  looking,  sprawling  legs  on  th< 
segments  of  the  body,  the  thoracic  segments.  No  false 
have  them  in  the  caterpillars  of  the  butterflies  and 
found,  but  in  many  cases  there  is  a  sort  of  pro-leg  on  tY 
of  the  body.  The  name  pro-leg  is  rather  poorly  cho 
organ  found  in  such  a  position.  Sometimes  the  lar 
one  or  two  rows  of  fleshy  projections  or  tubercles  aloni 
or  on  the  upper  or  under  surface,  by  means  of  whic 
move  in  tunnels  in  the  ground  or  elsewhere. 

The  larvae'  of  aquatic  beetles  possess  numerous  ( 
gans  along  their  sides,  which  assist  them  in  swimming  2 
all  larvae  of  beetles  which  live  enclosed  in  wood  or 
which  they  feed,  have  no  legs  at  all,  simply  because 
rounded  by  plenty,  they  have  no  use  for  them.  As  a  g 
larvae  of  beetles  which  have  to  be  active  in  searching  f 
which  have  to  cling  tenaciously  to  food  obtained,  whel 
sists  of  leaves  or  living  insects,  have  longer  and  strongs 
adapted  for  such  purposes.  As  all  growth  of  a  beetle  tal 
the  larval  stage,  the  larvae  have  to  eat  much,  hence  are  a 
gry.  They  have  to  take  food  not  simply  to  grow,  but  a 
and  to  store  up  material  for  the  future  organs  posses 
adults  alone,  and  not  found  in  the  larvae  themselves, 
have  to  throw  off  their  old  skin  from  time  to  time  to  e 
to  reach  their  full  size,  since  their  skins  can  not  grov 
number  of  such  changes  or  molts,  the  greedy  grub  h 
its  full  size,  and  is  then  filled  with  a  large  amount  o: 
terial,  a  store  of  surplus  food.    It  now  changes  to  a  f 
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change  takes  place  in  many  ways,  which  will  be  mentioned  later, 
when  describing  the  different  noxious  insects. 

The  pupa  can  no  longer  move  about,  but  is  helpless,  and  does 
not  take  any  food.  In  this  condition  it  already  shows  all  the  ex- 
ternal organs  of  the  future  beetle,  but  all  of  them  are  still  enclosed 
or  encased  in  separate  sheaths.  Such  a  pupa  is  called  an  obtected 
pupa.  While  apparently  quite  inactive,  wonderful  changes  are 
being  silently  wrought,  and  all  the  stored-up  food  is  being  utilized 
for  this  purpose.  At  last  the  pale,  almost  white  pupa  becomes 
darker  and  darker,  and  the  colors  of  the  future  beetle  commence 
to  show  themselves  through  the  semi-transparent  pupal  skin,  which 
eventually  ruptures,  and  a  weak  beetle  with  wings  still  small  ap- 
pears. The  wings  soon  harden,  the  other  members  stretch  them- 
selves to  their  full  length,  and  the  adult  can  now  enjoy  life  and 
liberty.  At  first  quite  weak  and  pale,  it  soon  becomes  strong 
enough  to  eat,  court,  mate,  and  die. 

As  a  general  rule  beetles  remain  in  the  egg-stage  but  for  a 
few  days ;  as  larvae  they  eat  and  grow  from  a  few  weeks  to  several 
years.  The  pupal  stage  also  generally  lasts  but  a  short  time ;  the 
adults  in  most  cases  are  short-lived,  but  others  hibernate  as  per- 
fect beetles. 

Beetles  and  their  larvae  feed  upon  all  kinds  of  vegetable  and 
animal  substances;  some  may  eat  parts  of  the  rarest  flowers,  others 
enjoy  the  rank-smelling  carrion ;  some  eat  fruits  of  all  kinds,  and 
even  the  most  pungent  spices  do  not  escape  their  hungry  jaws. 
Still  others  are  decided  cannibals  and  eat  other  insects.  Not- 
withstanding their  immense  numbers,  the  order  as  a  whole  is  not 
very  destructive,  at  least  not  in  a  state  of  nature.  As  a  general 
rule  the  wood-boring  kinds  prefer  sickly  or  dying  trees  and  thus 
they  act  as  scavengers,  and  by  removing  the  dead  material  make 
room  for  new  growth.  Many,  if  not  most  insects  of  this  order, 
feed  upon  plants  that  are  of  no  use  to  man,  and  they  even  injure 
or  destroy  weeds,  hence  can  become  our  friends.  But  those  kinds 
that  devote  their  attention  to  eating  plants  we  grow  for  our  own 
use,  or  which  destroy  useful  timber  or  manufactured  goods,  or 
which  invade  our  houses  to  eat  material  we  wish  to  use  our- 
selves, all  these  are  our  enemies,  and  have  to  be  treated  as  such. 
Especially  is  the  grower  of  fruit  greatly  troubled  by  such  insects, 
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and  it  will  be  the  aim  of  the  following  pages  to  describe  th< 
ious  kinds,  illustrate  them,  tell  about  their  life-histories,  an< 
the  most  approved  methods  for  killing  them  or  for  prev< 
their  ravages  in  other  ways. 

The  beetles  discussed  in  these  pages  are  all,  or  near 
either  directly  injurious  or  beneficial.  They  are  arranged  n 
cording  to  their  food-plants,  but  according  to  the  classificat 
beetles,  so  that  those  interested  in  such  matters  may  also  find 
thing  of  interest  to  them. 

As  far  as  a  classification  of  beetles  is  concerned,  it  woi 
course  be  impossible  to  give  one  that  would  include  all  the  ] 
beetles  found  in  the  United  States,  or  even  those  occurring  in 
nesota  alone.  Nor  is  it  the  office  of  the  entomologist  to  gi> 
in  these  pages,  his  main  object  being  to  describe  beetles  inji 
to  fruit-producing  plants,  and  to  give  the  proper  remedies  a: 
them.  For  this  purpose  no  attempt  will  be  made  to  give  c 
description  of  all  the  families  that  compose  the  Order  of  C 
tera,  and  the  reader  will  understand  the  reason  when  he 
that  the  beetles  of  North  America,  exclusive  of  Mexico,  a 
ranged  in  about  eighty  distinct  families,  representing  upwai 
seventeen  hundred  genera. 

Our  recognized  authorities  in  this  order  of  insects  mal 
following  primary  divisions: 

BEETLES. 
(Order  Coleoptera). 

I.  Coleoptera  (Typical  or  True  Beetles),  in  which  the  n 
parts  are  all  present,  and  in  which  the  front  of  the  head 
elongated  into  a  beak  or  rostrum. 

I.    Isomera  (Similar  joints).    The  beetles  contained  i 
division  have,  with  rare  exceptions,  the  same  numi 
tarsi  in  all  their  feet. 
A.    Adephaga    (Carnivorous   beetles).    These  I 
possess  thread-like  feelers  with  distinct  and 
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drical  joinU.    Here  belong  the  Tiger-beetles,  Ground- 
beetles,  Carnivorous  Water-beetles,  Whirligigs. 

B.  Clazncomia  (Qub-homs).  These  beetles  have  the 
feelers  thickened  gradually  or  abruptly  toward  the  tip. 
Here  belong  the  Burying-beetles,  Rove-beetles,  Lady- 
bugs,  Carpet-beetles. 

C.  Serricornia  (Saw-horns).  These  beetles  have  the  feel- 
ers toothed  or  serrated.  Here  belong  the  Snapping  or 
Click-beetles,  the  Saw-homed  Borers,  the  Fire-flies,  the 
Soldier-beetles. 

D.  Lamellicornia  (Leaf-horns^.  These  beetles  have  tlie 
knob  of  the  feelers  composed  of  several  leaf-like  or 
blade-like  parts,  which  can  be  closed  together  at  will. 
Here  belong  the  Stag-beetles,  "Tumble-dungs,"  May- 
beetles,  Flower-chafers,  Rhinoceros-beetles. 

E.  Phytophaga  (Plant-eaters).  Most  of  these  beetles 
possess  thread-like  feelers,  which  are  frequently  very 
long,  or  shorter  and  slightly  thickened  towards  the  tip. 
The  fourth  and  fifth  joints  of  the  tarsi  are  consolidated, 
and  the  former  is  minute,  and  sometimes  difficult  to  de- . 
tect.  Here  belong  the  Long-horned  Borers,  the  Leaf- 
feeding  beetles,  the  Seed-beetles. 

2.     Heteromera  (Different  joints).    The  beetles  contained  in 
this  division  have  five-jointed  tarsi  in  each  of  the  front  and 
middle  legs,  and  only  four  in  each  of  the  last  pair. 
This  section  requires  no  division  into  tribes.    Here  belong 
Oil-,  Blister-,  and  Meal-beetles. 
IL    Rhynchophora  (Snout-beetles),  in  which  the  front  part  of 
the  head  is  more  or  less  drawn  out  into  a  beak  or  rostrum ;  the 
labrum  is  not  distinguishable,  and  the  palpi  are  reduced  to 
minute  points  without  joints. 

In  this  sub  order  belong  a  niunber  of  families,  some  contain- 
ing but  a  very  few  genera  or  even  species.  Here  belong  the 
Broad-snouted  beetles,  the  True  Snout  beetles,  such  as  the 
Nut-weevils,  the  Rice  and  "Bill-bugs,"  the  Leaf-rollers,  and  the 
Bark-beetles. 
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98  TIGER-BEETLES. 

COLEOrTERA    (TRUE  BEETLES). 

Among  the  true  beetles  we  possess  a  large  number  of  fri< 
and,  as  it  is  just  as  important  to  know  our  friends  as  to  knov 
foes,  so  as  to  protect  the  former  and  combat  the  latter,  a  des 
tion  of  them  should  find  a  place  in  these  pages. 

I.     TSOMERA.     (Similar  joints), 

A.     CARNIVOROUS  BEETLES. 

(Adephaga). 

Beetles  of  this  group  are  numerous,  and  a  number  of  sp 
will  be  described  and  illustrated.  Most  of  these  insects 
upon  others,  and  destroy  large  numbers  of  plant-eating  ini 
A  few  of  them  have,  however,  a  mixed  diet,  and  also  ea 
pollen  of  flowers,  seeds  of  grasses,  grains  still  in  the  milky  i 
and  similar  substances.  Sugh  exceptional  beetles  can  usual 
recognized  by  their  form,  which  is  quite  stout  and  heavy 
fact  they  must  have  more  space  in  their  stomach,  and  must 
longer  intestines  to  accommodate  such  bulky  food  than  b< 
that  live  on  the  concentrated  food  obtained  by  eating  othe 
sects.  But  the  former  also  eat  insects,  when  not  as  adults 
do  so  as  larvae;  hence  they  are  friends,  though  they  are  n 
beneficial  as  those  having  a  strictly  animal  diet.  A  numb 
families  belong  to  the  Carnivorous  beetles. 

FAMILY  TIGER-BEETLES. 

(Cicindelidae) . 

These  arc  most  active  beetles,  which  use  wings  and  legs 
equal  rapidity  and  facility.  They  are  active  only  during  the  s 
and  warm  portions  of  the  day,  and  are  so  swift  in  all  theii 
tions,  cither  in  flight  or  running,  that  they  arc  not  readily 
During  the  night,  and  also  during  dark  and  rainy  days,  they 
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under  lcx)se  pieces  of  bark  and  flat  stones,  or  btirrow  in  the  sand, 
sometimes  to  a  depth  of  four  or  five  inches.  A  few  species  are 
strictly  nocturnal,  but  some  others  are  found  running  about  in  the 
sun  during  the  day  and  may  also  be  attracted  to  lights  at  night. 

As  a  general  rule  tiger-beetles  prefer  sandy  spots  or  sandy 
roads,  over  which  they  run  very  swiftly,  and  as  their  senses  are 
very  alert,  they  discover  approaching  persons  very  soon,  and 
escape  molestation  by  running  or  flying  away.  But  they  run  or 
fly  but  a  short  distance,  never  leaving  the  sandy  spots,  so  that  the 
eyes  of  the  observer  can  follow  their  motions,  and  he  can  ap- 
proach closer  by  taking  the  proper  precautions.  Their  alertness 
is  shown  by  the  fact  that  when  settling  again  after  a  short  flight 
thev  almost  invariably  face  the  intruder.     Thev  are  of  medium 


Pig.  1 1  .—Tiger-beetles,  all  stages.     Enlarged.     After  Brchm. 


size,  frequently  less  than  three-fourths  of  an  inch  long,  and  pos- 
sess brilliant  metallic  colors.  Their  wing-covers  are  usually 
spotted  with  white.  Their  popular  name,  "Tiger-beetles,"  is  a 
wdl-chosen  one ;  they  are  veritable  tigers  on  account  of  their  fero- 
cious habits,  their  swift  movements,  the  markings  on  the  elytra, 
and  the  stealthy  manner  in  which  their  larvae  lie  in  wait  for  insects. 
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The  illustrations  (Figs.  3  and  4)  give  both  upper  and  unde 
face  of  one  of  these  beetles,  dissected  in  part  to  show  the  d 
Fig.  II  shows  the  earlier  stages  of  this  beetle.  The  lar 
tiger-beetles  are  as  ugly  as  the  mature  insects  are  beautiful 
live  in  vertical  holes  in  the  ground,  usually  in  places  simi 
those  in  which  the  adults  display  themselves.  Such  burrow 
often  a  foot  or  more  deep,  and  are  not  infrequently  fon 
sunny  spots  in  an  orchard.  Such  larvae,  with  large  and  din 
ored  heads  and  equipped  with  immense  jaws  and  lonj 
sprawling  legs,  usually  watch  at  the  mouths  of  their  burrow 
any  approaching  insect,  and  they  are  always  ready  to  seize  it 
it  walks  over  such  living  traps,  hidden  by  the  watchful 
which  almost  entirely  fill  the  entrances  with  their  formidable 
In  addition  to  its  six  legs  the  larva  possesses  another  p< 
organ,  which  assists  it  in  climbing  up  and  down  in  its  bi 
This  is  a  hump  on  the  fifth  abdominal  segment,  upon  whi( 


Finr.  12.— Tlger-beetle,  adnlt,  larva  and  pupa.     After  Brrhm. 


two  hooks  curving  backwards  (Fig.  12).  The  larva 
anchored  can  not  readily  be  drawn  out  of  its  trap  by  the  c 
tions  even  of  large  caterpillars  that  it  may  have  caught.  I 
lured  the  caterpillar  is  dragged  into  the  burrow  and  is  ea 
leisure.  When  we  thrust  a  straw  into  one  of  these  trapj 
then  dig  it  out  with  a  spade  or  trowel,  we  usually  find  the 
cious  hermit  at  the  lower  end  of  the  burrow,  biting  savag 
the  straw.  .Sometimes  by  introducing  a  straw  we  can  eve 
the  vicious  larva  to  the  surface,  since  it  is  so  tenaciously  fai 
to  it  that  it  will  act  like  a  bulldog  tearing  at  the  throat  of  ai 
dog.    By  singing  into  the  holes  the  larvae  are  sometimes  indu 
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corac  to  the  entrance  of  the  pit,  not  to  listen  to  the  sweet  sounds 
produced  by  the  inquisitive  boy,  but  to  capture  the  imaginary  in- 
truder. The  pupa  is  also  found  in  such  burrows;  it  is  of  the 
nsual  form,  foreshadowing  the  future  insect. 

Tiger-beetles,  and  especially  their  larvae,  are  sometimes  very 
beneficial  to  owners  of  fruit-producing  plants.  The  writer  has 
in  one  instance  counted  nearly  a  hundred  such  burrows  in  the 
vicinity  of  a  single  large  and  isolated  apple-tree,  and  many  fat 
caterpillars  were  devoured  by  the  always  hungry  trap-dwellers. 
Of  course  much  of  the  food  consumed  consists  of  insects  habitu- 
ally running  over  the  ground. 


FAMILY    GROUND-BEETLES. 


{Carabidae). 

This  popular  name  is  in  the  majority  of  cases  a  good  one,  as 
most  of  the  beetles  belonging  to  this  family  are  found  upon  the 
surface  of  the  ground  in  their  adult  stage.  It  is  a  large  family, 
containing,  in  the  United  States,  about  1,200  species.  Yet,  not- 
withstanding this  large  number,  they  are  not  seen  as  often  as 
might  be  expected,  simply  because  the  great  majority  of  them  are 
nocturnal  in  their  habits.  This  accounts  for  their  dark  color. 
Others,  however,  are  very  brightly  colored,  some  are  metallic, 
some  blue,  green,  or  almost  white,  the  color  depending  on  the 
general  color  of  the  surroundings.  By  this  is  not  meant  that  the 
insects  have  the  power  of  changing  their  color,  like  a  tree-toad. 
but  that  they  are  only  found  in  such  places  as  blend  with  their 
colors. 

Some  of  these  predacious  beetles  may  occasionally  be  seen 
running  over  the  ground  in  gardens,  orchards,  and  in  fields,  or 
they  may  be  seen  even  in  the  trees  themselves,  searching  for  food. 
But  most  of  them  hide  during  the  day  under  stones,  boards,  or 
dead  leaves,  and  they  do  not  leave  these  shelters  until  night.  Like 
the  tiger-beetles,  the  ground-beetles  possess  thread-like  feelers, 
which  taper  gradually  towards  the  tip,  and  are  composed   of 
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joints  which  are  nearly  uniform  in  thickness  throughot 
length.  The  legs,  with  but  few  exceptions,  are  adapted  i 
ning,  which  some  of  them  do  with  amazing  rapidity.  In 
the  senses  of  these  beetles  are  very  acute.  Ground-beetles 
tinguished  at  a  glance  from  the  tiger-beetles  by  having  thei 
narrower  than  the  pro-thorax.  They  depend  more  upon  tli 
for  locomolionthan  upon  their  wings,  and  but  very  few  fly 
Some  have  lost  their  true  wings  almost  entirely,  and  in  su< 
the  elytra  are  soldered  together  at  the  surface  on  the  back 


Fig.  15. — Catosoma  frigidum. 
Original. 


Kirby. 


Pig.  13. — Caloaomm  calidvm, 
a  larva  of  another  species. 


The  larvae  (Fig.  13)  are  mostly  long,  flattened  grul 
a  body  of  almost  equal  breadth  throughout.  The  1; 
usually  protected  on  top  with  horny  plates,  and  ends  in 
of  conical  and  bristly  appendages.  Most  of  the  larvae  ( 
the  same  obscure  situations  in  which  the  adults  live,  ai 
burrow  just  beneath  the  surface  of  the  earth.  Here  tl 
stroy  large  numbers  of  the  soft  leaf-feeding  insects, 
have  entered  the  ground  for  transformation.  Like  the 
they  are  predacious.  Others  may,  perhaps,  also  fee 
some  vegetable  food  like  the  adults,  but  they  cause  no  1( 
any  great  economic  importance.  When  fully  grown  the; 
form  to  pupae  under  ground,  where  they  have  forme< 
cells  for  this  purpose.  Soon  afterwards  the  pupae  chanj 
almost  white  to  the  distinguishing  colors  of  the  adults,  at 
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ing  the  old  pupal  skin  behind,  the  young  beetles  reach  the  sur- 
face. 

Among  the  most  useful  of  the  ground-beetles  several  de- 
serve special  mention,  since  they  help  us  greatly  to  reduce  cer- 
tian  injurious  insects.  The  Caterpillar-hunter,  {Calosoma 
scrutator  Fab.),  is  one  of  them.  It  is  one  of  our  largest  and 
most  beautiful  ground-beetles,  having  metallic  green  wing-cov- 
ers, margined  with  reddish ;  the  rest  of  the  body  is  marked  with 
violet,  blue,  gold,  green,  and  copper.     It  is  shown  in  Fig.   14. 


..,v>'^-.  ^ 


n^.  14.— C«ioso0«,  similar  to  C.  acratator.  Fab.,  below  a  Carabua.  After  Brchm. 

rhis  insect  ascends  trees  in  search  of  caterpillars,  and  wherever 
the  tent-caterpillars,  frequently  so  destructive  in  Minnesota,  are 
Found  in  large  numbers,  the  beetles  will  make  war  upon  them; 
but  few  other  insects  care  to  attack  and  eat  such  hairy  worms, 
ft  is  a  pleasure  to  a  person  interested  in  the  well-being  of  his 
trees  to  watch  this  beautifully  armored  warrior  catch  a  cater- 
pillar, and  holding  the  squirming  object  in  its  powerful  jaws, 
mck  out  its  life-blood.  The  empty  skin  of  the  victim  is  dropped, 
ind  another  unlucky  worm  is  caught  and  treated  in  the  same  man- 
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ner.  The  appetite  of  the  beetles  is  truly  without  limit,  an< 
eat  all  day  if  they  have  an  opportunity  to  do  so.  It  is  to 
that  they  are  not  more  numerous  in  all  our  orchards  and  f 
in  the  north;  they  are  confined  to  the  more  southern  pa 
the  state. 

Another  species  of  caterpillar-hunters,  (C  frigidum  K 
is,  however,  very  numerous  in  the  northern  part  of  Minn 
It  climbs  trees  as  well  as  the  one  described,  but  it  is  of  a 
color,  (Fig.  15).  Wherever  canker-worms  abound  large 
bers  of  these  beetles  congregate,  and  they  climb  trees  in  i 
of  them-  They  detect  such  worms  some  distance  away 
rushing  over  twigs  and  leaves,  frequently  succeed  in  « 
ing  theni  before  their  victims  have  an  opportunity  to  dro] 
hang  suspended  by  silken  threads.  It  is  amusing  to  obsei 
unsuccessful,  how  the  baffled  hunters  try  to  grasp  such  a  t 
with  their  front  feet  in  which  not  infrequently  they  su 
Others  are  stationed  below  the  tree,  and  many  of  the  v 
that  descend  from  the  defoliated  branches  to  enter  the  g 
for  pupation  are  caught  before  doing  so.  The  larvae  of 
the  above  described  beetles  are  also  equally  active  and  bene 
Though  they  do  not  climb  trees  they  do  good  work  abov 
below  the  surface  of  the  soil,  always  hunting  about  tc 
some  insects  to  eat.  Another  beetle  of  the  same  genui 
"Fiery  Hunter*'  (C.  calidum  Fab.),  is  frequently  seen  sc 
ing  for  cut-wonns  and  other  food  in  the  grain-fields  ii 
open  prairies.  It  is  readily  recognized  by  its  black  wing-c 
with  rows  of  reddish  or  copper-colored  pits.  It  is  illustral 
Fig  13,  with  its  larva. 

When  we  turn  over  loose  stones  and  boards  lying 
the  edges  of  fields  and  orchards,  we  frequently  discover  1 
large  black  beetles  having  thorax  and  wing-covers  bordered 
blue.  They  seem  to  be  very  slow  in  their  actions,  and  d 
usually  attempt  to  escape.  But  not  everyone  likes  to  pick 
up  with  the  fingers,  as  they  have  a  sort  of  dangerous  look 
them,  possessing  very  formidable  jaws.  These  insects  arc 
useful,  and  locust-infested  fields  contain  them  in  large 
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bers.  The  writer  has  counted  a  great  many  hundreds  in  a  small 
space  in  a  ditch  adjoining  a  field  invaded  by  the  army-worms. 
Here  they  were  resting  from  the  night's  labor  of  eating  such 
worms. 

Fig.  1 6  shows  one  of  the  largest  kind,  the  Western  Pasi- 
niachus  californicus  Chd.,  and  Fig.  17  a  related  smaller  species, 
entirely  black,  the  Clivina  impressifrons  Lee. 


Flic.     1©. —  Paaimttchua 
Chd.    After  Leconte. 


callfomicuH, 


PlK-   17.— carina  impreasifrona, 
Bnlarsred.    Alter  Forbes. 


Loc. 


To  the  carnivorous  beetles  belong  also  the  "Bombarding- 
beetles,"  (Brachinus  species),  which  have  a  red  head,  thorax  and 
legs,  with  dark  blue  or  greenish-blue  wing-covers;  they  are 
quite  abundant  in  some  moist  places,  where  they  hide  under  loose 
stones.  Such  beetles  (Fig.  18)  are  frequently  mailed  to  the  of- 
fice of  the  Entomologist  to  find  out  their  names  and  life-history; 
but  thus  far  they  have  never  been  received  labeled  "Kissing- 
bugs,"  although  almost  all  other  queer  looking  or  queer  acting 
insects  have  been  received  as  such.  These  bombarding-beetles 
possess  little  sacs  at  the  hind  end  of  their  bodies,  in  which  a  bad- 
smelling  fluid  is  secreted,  which  is  used  as  a  means  of  defense. 
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In  fact  most  of  the  Carabidae  are  well  protected  by  strong  odoi 
as  those  handling  them  have  found  out  to  their  sorrow.  But 
this  case  the  beetles  squirt  the  nasty  fluid  at  their  enemies,  ai 
as  it  changes  to  a  gas  on  contact  with  air,  it  looks  as  if  the  beetl< 


\^^ 


J^g.  18. — Bracli/oos'spcdcs.'BnIarged.       Fiir.  19.— I,tffo/a;fr/indi»,Hcn't»-^[ 
After  Brchm.  of  Bntomologj,  U.  S.  Dcpo^r-tiB 

Agticalture. 

were  shooting  in  a  wrong  direction.  A  puff  of  smoke  and  a 
pop  is  the  result  of  such  an  explosion.  This  fluid  coloi 
fingers  a  persistent  red,  which  shows  that  it  is  of  an  acid  n 
Of  course  this  sort  of  defense  is  very  effective,  and  "^^^ 
call  these  beetles  "six-legged  skunks." 


"  Fig.   20. — Amara   obeta.  Say.     a,  larva;   b,  pupmi   c    adult    d,  e,  ^»  i^ 
larva.    After  Riley.  J^m 
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A  similar  beetle,  illsutrated  in  Fig-  19,  is  the  Lebia  grandis 
Hentz.  This  similarity  extends,  however,  only  to  the  coloring 
of  the  insect,  not  to  its  method  of  defense.  The  beetle  is  very 
useful,  and  sometimes  becomes  quite  numerous  in  potato  fields 
infested  with  the  Colorado  potato-beetle.  It  eats  their  eggs  as 
well  as  the  young  worms;  other  small  soft-bodied  insects  are 
also  pleasing  to  its  taste. 

There  are  other  useful  beetles  belonging  to  this  division,  which 
deserve  a  passing  notice.  In  fields  filled  with  eggs  of  locusts  we 
find  numerous  oval-shaped  black  beetles  (Amara  obesa  Say),  Fig. 


Pll^.  2t^.     Harpalaa  bcrblvagua.   Say.     h,  larva;    b,  head    of   same.     Bnlarffed. 
After  Riley. 

20  which  run  about  very  diligently  in  search  of  food.  They 
deposit  eggs  in  the  ground,  from  which  yellowish-white  worms, 
also  shown  in  the  illustration,  hatch  in  due  time.  These  worms 
search  for  the  eggs  of  locusts,  and  devour  immense  numbers  of 
them.  The  larvae  of  another  beetle,  shown  in  Fig.  21,  are  also 
found  in  similar  places,  and  also  do  similar  good  w^ork.  They 
transform  in  time  into  black  beetles,  the  Harpalus  Jicrbivagus  Say. 
A  related  beetle,  the  H.  pennsyhanicus  DeG.,  which  is  frequently 

*In  case  the  iUnitrated  It  enlar^d.  the  true  tiie   is   usually   glTen   by   a  fine  line 
sear  the  fii^nre. 
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found  in  orchards  eating  the  larvae  of  the  codling  moth  an< 
plum-ciircuHos,  is  also  shown  in  Fig.  22. 

It  would  take  too  much  space  to  even  mention  all  the 
belonging  here.  Most  of  them  are  useful,  though  a  few  1 
casionally  cause  some  damage.  The  insect  illustrated  in  '. 
(Agonoderus  pallipes  Fab.),  is  one  of  them,  as  it  soi 
eats  into  the  sprouting  seeds  of  corn.  This  insect  is  at  tii 
ceedingly  common,  as  people  who  have  strong  electric  1 


Pig.  22. — HarpaluB  pcnnsjlvanicua, 
De  G.  «,  anterior  tarsus  and  part 
of  tibia  showing  notch;  b,  beetle: 
A.  larva,  reduced  fizc;  B,  head; 
cf,  details.     After  Riley. 


Pi?.  2Z.'~AgonoderuB  pallipea, 
beetle  inside  of  corp.     After  Ril 


front  of  their  houses  are  apt  to  find  out.  Immense  num 
them  and  of  other  insects  are  attracted,  and  sometimes  t 
so  numerous  as  to  cover  the  sidewalk  with  their  dead  an 
bodies.  Rooms  with  open  windows,  and  illuminated  witt 
are  sure  to  attract  multitudes  of  them ;  they  seem  to  be  ( 
cidedly  inquisitive  nature,  as  they  run  over  our  bodies, 
in  search  of  hiding  places,  and  in  doing  so  cause  a  sensati 
far  from  being  pleasant. 

In  a  general  way  nearly  all  such  insects  are  either  be 
or  at  least  harmless,  hence  are  our  friends  and  should  be 
as  such. 

FAMILY   1»REDACE0US  WATER-BEETLES. 

(Dytiscidae). 

Predaccous  Water-beetles  are  simply  ground-beetle 
fied  to  live  in  water.     They  have  the  same  blood  thirsty 
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as  their  relatives  in  drier  places.  Such  beetles  are  also  very 
numerous,  and  are  readily  observed  when  we  quietly  approach  a 
pool  of  stagnant  or  standing  water.  We  can  detect  their  oval 
and  flattened  bodies  hanging  head  downwards,  with  the  tip  of 
their  abdomen  at  the  surface  of  the  water.  When  disturbed  they 
dive,  and  in  doing  so  carry  with  them  a  bubble  of  air,  which  looks 
like  a  liquid  drop  of  silver,  and  which  is  utilized  to  sustain  respi- 
ration until  the  beetle  feels  safe  again  and  rises  to  the  surface. 
Such  beetles  are  well  adapted  for  swimming,  possessing  a  boat- 
shaped  body,  usually  quite  polished,  and  having  their  long  hind 
legs  broadly  flattened  and  fringed  with  stiflf  hairs,  so  that  they 
can  be  used  as  oars.  Such  a  leg  is  shown  in  Fig.  lo,  and  it  will 
be  noticed  how  admirably  it  is  adapted  for  swimming.  The 
feelers  of  such  beetles  are  long  and  thread-like.     The  males  of 


Pic  2^' — Sncklzis  disk  of  male  Dytiacua.    Yiigtilj  masnifted.    After  MUll. 

some  kinds  possess  a  very  remarkable  sucking-disk  (Fig.  24), 
which  is  produced  by  dilating  the  first  three  pairs  of  the  front  tarsi ; 
the  females  sometimes  have  the  elytra  furnished  with  deep  fur- 
rows. Both  structures  are  of  use  during  the  mating  season.  All 
the  water-beetles^  and  still  more  so  their  dangerous  looking 
larvae,  which  possess  powerful  scissor-like  jaws,  kept  in  con- 
stant motion,  are  savage  and    greedy^    feeding    upon    tadpoles. 
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small  fish  and  aquatic  insects.  They  have  no  direct  bearing  up 
horticulture,  except,  perhaps,  by  destroying  large  numbers  of  t 
larvae  of  mosquitoes,  which  annoy  fruit-growers  as  well  as  otl 
people.  The  illustration,  (Fig.  25),  gives  an  idea  of  the  form 
such  beetles  and  their  larvae.  The  larvae,  though  aquatic,  lea 
the  water  when  ready  to  change  to  pupae.  This  is  performed 
an  earthen  cell  made  for  this  purpose  in  adjoining  dry  soil. 


■tS 


Fig.  20.— Carnivorous  Water  Beetlet.    After  Brehm. 
FAMILY   WHIRLIGIG-BEETLES  OR  " APPLE-SMELLERS." 

{Gyrinidae). 

This  family  is  mentioned  here  not  because  its  members  sm 
like  apples,  the  act  which  gives  it  its  name,  nor  because  they  a 
fond  of  that  fruit,  but  simply  to  show  how  certain  organs  can 
modified  for  specific  purposes.  In  these  beetles  we  find  that  t 
eyes  are  completely  divided  by  the  margin  of  the  head,  so  tl 
they  appear  to  possess  the  unusual  number  of  four  eyes  (Fig.  7 
they  are  also  remarkable  for  their  long  front  legs,  which  are  us 
for  grasping  their  food.  The  other  legs  seem  to  be  absent,  I 
this  is  not  so,  as  they  are  simply  folded  up  in  the  smallest  p< 
sible  space  when  not  in  actual  use.  Every  one  knows  the 
social  black  and  shiny  beetles,  small  in  size,  which,  howev 
sometimes  crowd  together  in  such  numbers  on  the  surface  of  o 
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PiflT.  26.— Gjr/oiia  marfnua.  G7II.    Hind  Irs:  and  tarsal  jolntg  of  same  separated 
and  extended.    Uii^hly  magnified.    After  Miall. 


lakes,  especially  in  quiet  water  near  the  shore,  that  they  cover 
many  square  yards.  If  disturbed,  all  dart  away,  tracing  graceful 
curves  on  the  surface  of  the  water.  The  legs  and  the  adult  insect 
are  illustrated  in  Fig.  2& 


B.     CLUB-HORNS. 

(Clavicornia) , 

Qub-homed  beetles  are  very  numerous,  but  the  characte»* 
expressed  by  the  term  "club-horns"  is  not  always  easily  de- 
tected. These  beetles  are  divided  into  numerous  families  (32), 
and  some  of  them  are  of  very  gjeat  benefit  to  orchardists.  Most 
of  them,  however,  are  scavengers,  and  subsist  upon  dead  or  de- 
caying material.  Some  live  in  water,  others  are  inhabitants  of 
ant-nests,  some  prefer  dung  as  food,  others  dead  fungi  and  wood, 
or  woolen  garments  and  dried  meat,  and  even' collections  stored 
in  museums  do  not  escape  their  hungry  jaws.  One  family  at 
least  enjoys  nothing  better  than  leaf-lice  and  scale-insects,  the 
great  enemies  of  our  fruit-producing  plants.  It  is  impossible 
even  to  mention  the  names  of  the  numerous  families  of  beetles 
belonging  here,  and  only  a  very  few  of  the  more  destructive  ones 
will  be  given,  so  that  something  about  the  classification  of  beetles 
may  be  learned. 
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{Hydrophilidae). 

These  beetles,  some  of  which  are  quite  large 
known,  as  they  are  attracted  to  the  electric  lights  in  oi 
in  large  numbers,  even  when  a  long  distance  away  from  p 
lakes,  are  found  in  stagnant  water,  where  they  either 
the  plants  growing  on  the  bottom  of  such  pools,  or  mo 
in  a  peculiar  manner,  not  swimming  with  strokes  of  b 
legs,  as  the  aquatic  carnivorous  beetles  do,  but  by  mc 


p 


I 


Fig.   27.— Hydropbilus.   adult,  larva  and  peculiar  egg-mass.     After  ] 

legs  alternately  as  if  walking.  They  possess  short  clul 
feelers  w^ell  hidden  beneath  the  head,  so  that  they  are  no 
detected.  Their  food  is  mostly  composed  of  decaying  i 
but  if  they  have  an  opportunity  to  catch  living  prey  they 
slow  to  eat  it  as  well.  They  breathe  by  carrying  a  fik 
on  the  lower  side  of  the  body,  which  gives  them  a  beau 
very  appearance.     When  they  n^ed  a  fresh  supply  of 
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come  to  the  surface  of  the  water  with  their  heads  first.  The  illus- 
tration, (Fig.  27),  shows  some  of  the  stages  of  the  largest  of 
these  beetles. 

FAMILY   CARRION -BEETLES. 

(Silphidae). 

These  well  known  beetles  devote  all  their  attention  to  de- 
stroying dead  animal  matter,  even  of  the  most  putrid  kind.  A 
few  are,  however,  partly  vegetable 'feeders,  and  at  least  one  is 
known  in  Europe  as  being  very  destructive  in  gardens.  Most 
people  have  seen  some  of  them  at  work  burying  dead  mice 
and  birds,  for  which  reason  they  are  called  "burying-beetles'* 
(Fig.  28).  They  are  black,  with  large  spots  or  bands  of  bright 
orange  yellow ;  some  are  polished,  others  have  a  thorax  densely 
covered  with  yellow  hairs.  If  such  beetles  discover  a  small  dead 
animal,  they  immediately  remove  the  soil  beneath  the  same,  and 


Pii:.  28. — Necropboras  bnryinj^  monse,  and  larra.     After  LandoU. 
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usually  many  individuals  are  seen  working  together  ai 
harmony.  If  the  carcass  has  been  covered  up,  the  femal 
posit  their  eggs  upon  this  store  of  food,  and  now  leavt 
larvae  feed  upon  the  buried  putrid  material.  The  stren 
such  beetles  is  remarkable,  as  is  shown  by  the  fact  that  1 
them  have  been  observed  to  roll  a  large  dead  rat  several  i 
order  to  have  it  rest  upon  a  soil  fit  for  burying.  The  illusi 
(Fig.  20).  shows  another  of  these  interesting  beetles,  b 


Fig.  29.—Silpha  and  Hister.     After  Brehm. 

ing  to  the  genus  Silpha,  the  meml)ers  of  which  are  all  ver 
The  full-page  illustration  shows  many  of  the  different  kii 
scavenger-insects  upon  a  dead  mole. 

FAMILIES    SCYMAENIDAE    AND    PSECAPHIDAE. 

These  comprise  very  small  beetles  which  are  usually 
in  ant-nests.     Tliey  resemble  ants  in  shape  and  color,  ar 
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FJsf.  30— Clavfffer  petted  by  ants.     After  Brehm. 
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kept,  like  leaf-lice,  for  the  purpose  of  furnishing  sweet  foo< 
their  captors,  the  owners  of  the  nests.  Some  of  them  arc 
tirely  blind,  and  most  of  them  are  taken  care  of  by  the  ants, 
even  feed  them.  They  are  of  no  economic  importance. 
30  shows  one  of  these  peculiar  insects  tended  by  ants  in  or 
their  subterranean  vaults. 


■*r 
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FAMILY  ROVE-BEETLES. 

{Staphylinidae) . 

This  is  a  very  large  family  of  small  beetles  with  a 
elongated  slender  body  and  very  short  wing-covers  (Fig. 
But  notwithstanding  the  short  elytra  the  beetles  possess  a 


Fig.  31. — DiflFcrcnt  kinds  of  Staphyiiaidse.     After  Brehm. 

true  wings.  Some  of  the  larger  species,  measuring  more 
half  an  inch  in  length,  assume  a  very  threatening  aspect  1 
closely  approached  with  the  finger.  Their  abdominal  jointi 
ing  very  movable,  they  raise  the  last  unarmed  joints,  whid 
frequently  of  a  contrasting  color,  being  yellow  or  red,  as 
sting,  and  in  this  way  they  are  well  able  to  scare  those  tha 
not  know  them  from  the  wasps  which  they  imitate.  Nearl 
these  beetles  are  beneficial,  as  they  are  scavengers,  feeding  1 
decaying  animal  and  vegetable  matter. 
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A  few  of  them  are  found  in  blossoms,  very  likely  eating  pol- 
len; but  as  flowers  produce  an  abundance  of  this  material  the 
beetles  cause  no  damage,  on  the  contrary,  they  may  even  be  useful 
by  carrying  pollen  from  flower  to  flower,  thus  cross-fertilizing 
them. 

FAMILY   LADY-BUGS. 

{Coccinellidae). 

These  very  beneficial  insects  are  the  best  friends  of  oui: 
orchardists,  as  nearly  all  of  them  seem  to  devote  their  time,  both 
as  larvae  and  as  adults,  to  destroying  the  injurious  leaf-lice  and 
scale-insects.  The  beetles  are  rather  handsome,  almost  always 
of  a  bright  red  or  orange  color,  with  intense  black  spots ;  or  they 
are  polished  black  with  red  spots.  The  bright*  colors  protect 
them  to  a  large  extent  against  insect-devouring  birds,  since  it 
shows  them  that  the  food  is  not  good  to  eat,  they  having  learned 
by  experience  that  such  bright  colors  coming  from  such  insects 
indicate  nasty  odors  or,  perhaps,  a  nasty  taste.  At  all  events  in- 
sects marked  by  such  showy  and  conspicuous  colors  are  not  often 
eaten.  The  bodies  of  lady-bugs  are  usually  of  an  oval  or  hemi- 
spherical form,  very  convex,  and  almost  flat  below.     The  short 


C 

Flff.  Z2.'^Mcgilla    macalata,    Dc    G.      After  Diviilon 
of  Bntomoloffj.    U.    8.    Department  of  Agricniture. 


Fig.  ^^.—Megilla  macu- 
lata,  DeG.;  parasitised. 
After  Diviaion  of  Ento- 
mology, U.  S.  Depart- 
ment of  Agriculture. 
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fect and  still  shorter  feelers  are  well  hidden  beneath  i 
tie-shaped  shell  and  are  not  visible  unless  the  beetle  is  in 
Beautiful  as  the  adult  beetles  are,  their  larvae  are  horrib 
ing  objects,  having  their  surface  covered  with  long  or 
spines;  others  are  protected  by  being  covered  with  fin 
down.  The  pupa  is  not  formed  in  the  soil  but  inside  th 
skin,  which  splits  open  at  the  back,  surrounding  the  pi 
a  tight-fitting  over-coat  with  the  front  not  closed  by  buttc 
other  cases  the  larval  skin  is  forced  backwards,  and  rema 
little  crumpled  pad  about  the  posterior  end.  The  larval 
the  former  case  is  tightly  fastened  to  the  plants,  and  rei 
this  position  sometimes  long  after  the  beetles  have  left  boi 
and  larval  skins. 


Pig.   34.  —  HIppodmmia.    a 


Gttcr.    After  ] 


Fig.    37.  —  Anatis    IS    punctatu.    Say.        Pig.  BS.^CoeeincttM  aanguh 
After  RUey.  After  Riley. 


'■>■%>■:- 
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Lady-bugs  are  well-known,  and  may  be  seen  in  large  i 
upon  trees  infested  with  plant-lice  and  scales.  Both  lai 
adults  eat  these  beings  very  greedily,  and  destroy  immen 
bers  of  them.  Without  their  presence  and  assistance  p 
increase  so  rapidly  that  in  a  very  short  time  the  plants  v 
entirely  covered  with  them,  and  as  a  consequence  migt 
very  much,  or  would  even  be  killed. 

As  the  life-history  of  all  lady-bugs  is  very  similar, 
necessary  to  describe  in  detail  all  the  species  found  u 
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fruit-producing  plants.  A  number  of  them  have  been  illustrated, 
and  readers  can  learn  their  shape,  etc.,  by  consulting  the  illustra- 
tions (Figs.  32-39).  The  fruit  growers  of  California  ought  to 
bless  such  insects,  as  they  helped  them  to  destroy  a  most  de- 
structive scale-insect  which  threatened  to  ruin  the  fruit-growing 
interests  in  that  state.  For  this  purpose  a  lady-bug,  (Vedalia 
cardinalis),  and  several  other  kinds  were  imported  from  Atistra- 
lia,  where  they  were  known  to  kill  this  scale,  and  in  less  than 
two  years  the  pest  was  almost  exterminated.  The  "twice- 
stabbed  lady-bugs,"  natives  of  the  United  States,  also  assisted 
in  the  good  work,  and  one  of  them,  the  Chiloconis  bivulnerus 
Muls,  is  fairly  common   in    Minnesota    (Fig.   38).     The   ''two- 


's-    *  d  e 

mg.  Se.^AdAliM  bipanctutA,  Linn.    After  Riley. 


Pig.  88.— C/i//ocoras  bfral- 
neruSf  Mtils.,  and  larva. 
After  Riley. 


Spotted  lady-bug,"  (Adalia  bipunctata  Linn.),  which  was  rather 
uncommon  until  a  few  years  ago,  is  now  found  everywhere  in  our 
state  in  many  interesting  variations;  it  is  the  only  one  of  the 
lady-bugs  that  here  enters  houses  for  hibernation,  and  is  fre- 
quently mistaken  for  the  destructive  carpet-beetle,  and  killed 
on  that  account.  It  is  a  reddish-yellow  beetle  with  a  single  black 
spot  on  each  wing-cover  (Fig.  36). 

Some  species  of  the  lady-bugs  are  so  minute  that  they  are 
barely  visible,  as  is  shown  in  Fig.  39,  which  shows  some  of  these 
small  black  beetles,  with  their  larvae,  in  the  act  of  eating  the 
dreaded  San  Jose  scale,  yet,  notwithstanding  their  small  size, 
they  do  much  good.  All  the  above-mentioned  beetles  should  be 
protected,  since  they  are  most  useful  friends. 
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Pig.  39,— Pentilia  misella,  Lcc— a,  beetle;  b,  lanra:  c,  pupa:  rf.  blosst 
pear  eaten  by  the  Peatilla.  (After  Howard  and  Marlatt),  bivision  of  Bn 
Department  of  Agriculture. 

But  there  is  one  exception,  one  black  sheep  in  i\ 
This  exception  is  a  plant- feeding  species  (Epilachna 
Fab.),  happily  not  as  yet  found  in  our  state.  But  as  it  wi 
less  find  its  way  to  our  fields  we  should  be  on  our  guar 
lady-bug,  both  as  larva  and  as  adult,  feeds  upon  squashes 
bers,  and  melons.     The  beetle  is  yellowish,  with  large  bla 


Fig.  ^O.—Bpilacbna  borealis.  Fab.     After  Division  of  Bntomology,  U 
Agriculture. 
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and  is  riot  as  shiny  as  the  other  lady-bugs  of  equal  siz^,  but  is 
covered  with  a  fine  pubescence.  The  larva  is  yellow,  and  clothed 
with  forked  spines,  as  may  be  seen  in  the  illustration  (Fig.  40). 
There  is  no  doubt  that  in  case  of  necessity,  or  for  lack  of  proper 
animal  food,  some  of  the  lady-hugs  will  also  eat  pollen,  but  their 
usual  food  consists  of  plant-lice,  scale  insects,  and  the  eggs  and 
soft  bodies  of  other  insects. 


Fig.  41. — Lan^uria  Mozardl,  Lat.     After  Division  of  BntomoloKy,  U.  S.  Depart- 
ment of  Agricaltnre. 

The  families  Endoniychidac  and  Erotylidae  also  contain  a 
number  of  brightly  colored  beetles  with  long  feelers.  But  none 
are  very  common  or  destructive,  with  the  exception  of  some 
beetles  belonging  to  the  genus  Langnria,  one  of  which  has  in  the 
larval  state  the  bad  habit  of  boring  in  the  stalks  of  clover.  It 
is  shown  in  Fig.  41. 

FAMILY  CUCUJIDAE. 

These  beetles,  usually  of  a  flat  and  elongated  form,  are  found 
under  the  bark  of  trees,  and  are  believed  to  be  mostly  carnivor- 
ous, but  others  are  known  to  feed  upon  stored  grain.  Several 
species  have  this  bad  habit,  but  the  most  important  one  is  the 
**Com  Silvanus"  (Silvanus  surinaniensis  Linn.),  shown  in  Fig 
42.  It  is  a  dark  brown  and  flat  beetle,  with  saw-like  edges  on 
the  pro-thorax.  It  also  feeds  on  dried  fruit-  In  such  a  case  it 
can  be  killed  by  putting  the  infested  fruit  in  a  tight-fitting  wooden 
box,  and  by  pouring  a  wine-glass  full  of  bisulphide  of  carbon  in 
the  larger  box  the  fumes  thus  produced  will  kill  all  intruders. 
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Fig.  42  — Si/raaus  suriaamensis,   Linn.     After  Division   o     Entomology.  1 
Department  of  Agrictilture. 

There  are  many  of  these  and  other  insects  found  on  dried  f 
since  this  is  palatable  to  six-legged  beings  as  well  as  to  1 
legged  ones.  The  fumes  mentioned  above  kill  all  insects,  v 
out  leaving  any  odor  or  flavor  behind,  but  whether  the  infc 
fruit  with  the  dead  insects  in  it  is  fit  for  human  food  r 
!)e  decided  bv  the  individual  who  wishes  to  eat  it. 


Pig.  ^S. — Lxmopblstus  fAsciatas,  Mela.    Original. 

Another  species,  the  Laeniophlaeus  fasciatus  Mels.,  i 
trated  in  Fig.  43,  is  found  under  bark,  but  is  also  very  com 
near  saw-mills,  especially  in  those  in  which  hard  wood  is  sa 
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In  running  over  persons  engaged  in  mills  it  will  bite,  even  without 
provocation,  and  may  cause  bad  sores.  It  is  a  small  and  flat 
beetle,  of  a  light  brown  color,  with  highly  polished  wing-covers, 
with  a  light  space  upon  each.  Related  beetles  arc  found  also  in 
stores  of  grain  and  dried  fruit. 

FAMILY    DERMESTIDAK 

( Larder-beetles ;    Carpet-beetles ;    etc, ) . 

Most  of  the  beetles  composing  this  family  feed  upon  decaying 
substances,  or  on  skins,  furs,  and  dried  animal  matter  of  all  kinds. 
The  wing-covers   completely   cover   the   abdomen,   and   are   not 


4 


Pig.  44. — Dcrmeatestardarias,  L.\r\r\.     After  L>ivi8ion   of    Bntomology,   U.   S.   De- 
partment of  Agricnlture. 

shorter  than  it,  as  was  the  case  in  most  of  the  scavenger  beetles 
mentioned  thus  far.  They  are  usually  small,  but  few  reaching 
a  length  of  one-third  of  an  inch.  They  are  oval  or  elongated, 
ornamented  with  pale  gray,  yellow,  or  white  markings  formed  by 
minute    scales  which    rub   oft*  very  easily,  and    are    sometimes 
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arranged  very  prettily.  Mf»st  of  the  insects  pretend  to  be  dc 
when  disturbed,  and  roll  upon  their  back,  on  which  they  rem; 
for  a  long  time.  To  tliis  family  belongs  the  Larder-beetle,  (D 
mesies  lardarius  Linn.),  which  is  shown  in  Fig.  44.  Both  lar 
and  adults  enter  houses,  and  for  no  good  purpose,  since  they  > 
stroy  stored  provisions,  especially  those  composed  of  animal  m 
ter,  as  smoked  meat,  hides  and  feathers.  The  Museum  Pest 
stroys  collections, and  the  Carpet-beetles  (Aiithrcnus  scrophidat 


Fig.  4-5. — Antbrtnus  scrophftlarifc,  Linn.     After  Riley. 
S  »  4  8  5  6   '  U 
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Fig.  46. — Dcrmcstidie  and  P  tin  us  at  work.     After  Brehm. 
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Linn),  illustrated  in  Fig.  45,  are  well  named,  since  they  eat 
woolen  carpets  and  similar  material,  often  causing  great  losses. 
In  a  slate  of  nature  such  beetles  are  useful  as  scavengers,  as  they 
soon  remove  bad-smelling  and  unsightly  substances.  A  number 
of  these  beetles  of  similar  habits  are  also  shown  in  Fig.  46. 

But  there  is  one  exception.  One  beetle  belonging  to  this 
family  shows  better  taste  by  eating  raspberries. 

THE  RASPRKkRY  FRUIT-WORM. 

(By turns  iinicolor  Say). 

This  sensible  insect,  about  three-twentieths  of  an  incli  in 
length,  is  yellowish,  and  is  covered  with  short,  silky,  gray  hair. 
It  feeds  on  the  flowers  of  the  red  raspberry,  in  which  the  eggs 
are  also  laid.  Here  the  larvae,  which  are  white  and  nearly  naked 
8:mbs,  hatch,  and  enter  the  inside  of  the  berry,  where  they-rapidly 
g:row.  When  such  a  berry  is  picked  the  culprit  is  found  inside, 
clinging  to  one  of  the  sides  of  its  pleasant  dwelling  place.  The 
beetle  is  not  common  enough  in  Minnesota  to  be  of  any  great 
economic  importance:  it  is  shown  in  Fig.  47. 

lAMIIA'     IILSTKRIDAM. 

Members  of  this  family  of  beetles  are  usually  small,  short, 
rounded  or  angidar  insects,  of  a  more  or  less  polished  black, 
bronze,  or  greenish  color,  although  some  arc  brown  or  marked 
with  red,  as  the  one  shown  in  Fig.  29.  The  elytra  are  finely 
striated  or  punctured,  and  do  not  cover  the  entire  abdomen,  but 
are  cut  off  squarely,  exposing  the  last  two  segments  of  the  same. 
These  are  also  very  hard,  and  look  like  the  wing-covers.  Below 
the  elytra  are  ample  true  w^ngs.  The  legs,  which  are  adapted  for 
digging,  as  well  as  the  short  feelers,  can  be  hidden  in  depressions, 
and  if  this  is  the  case  the  entire  insect  looks  very  much  like  a 
black  seed,  especially  as  it  also  pretends  to  be  dead  when  cap- 
tured. Such  beetles  abound  about  carrion  and  other  decomposing 
substances.  The  whitish  and  maggot-like  larvae  are  found  in 
similar  material,  but  occur  also  in  over-ripe  fungi,  fruit,  and 
under  loose  bark  of  trees. 
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FAMILY  NITIDULIDAE. 

(Sap-beetles) . 

Sap-beetles  are  also  small,  more  or  less  flattened  ii 
which  in  most  cases  have  the  tip  of  the  abdomen  exposed  b 
the  wing-covers.  The  pro-thorax  is  frequently  provided 
wide  and  thin  margins ;  the  legs  are  not  specialized  for  di 
purposes.  The  beetles,  both  larvae  and  adults,  feed  on  de< 
or  fermenting  sap,  fruit,  or  fungi ;  a  few  prefer  carrion,  at 
others  are  found  among  stored  grain.  They  are  especially  n 
ous  among  rotting  fruit  and  vegetables,  and  about  trees  tha 
been  injured  by  bruising,  and  in  such  places  they  crowd  to 
in  large  numbers  to  obtain  the  fermenting  sap ;  beneath  ston 
over-ripe  fruit  they  also  gather. 


t 


THg,  47. — Bjrturus  unicolor.  Say.  After        Pig.  49. — Cstrpopbilas  bewiptert 
Satinders.  After  Smith. 


A  number  of  these  beetles  deserve  a  short  descripti 
they  are  frequently  found  about  our  fruit-producing  plants. 
Carpophilus  brachypterus  Say  (Fig.  48,  plate  i),  was  ver) 
mon  during  the  last  two  seasons  in  the  flowers  of  the 
Here  they  enjoyed  a  meal  of  pollen,  which  covered  them  t( 
an  extent  as  to  hide  them  effectually.  Going  from  flo\ 
flower,  they  no  doubt  do  some  good,  but  some  also  sho\^ 
appreciation  of  a  good  thing  by  eating  holes  in  the  petal 
however,  causing  any  visible  damage,  as  the  petals  soon  dr 
anyhow.  Another  species,  the  C.  hemiptertis  Linn.,  is  freq 
vtry  abundant  in  stored  fruits,  and  seems  to  enjoy  a  box  < 
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beyond  anything  else.     It  is  illustrated  in  Fig.  49,  to  show  the 
structure  of  such  beetles,  which  could  not  be  shown  in  Fig.  48. 


FAMILY    TROGOSITIDAE. 


(Cadelles). 


Ips  fasciatus  Oliv,,  shown  in  Fig. 50,  is  sometimes  very  abund- 
ant among  and  beneath  heaps  of  carrots.  It  is  a  rather  pretty 
insect,  shining  black  with  two  bright,  interrupted,  reddish  or 
orange  bands  across  the  elytra.     None  of  these  insects  are  espe- 


Pis.  SO.    /p«  fkaciatus,  Oliv.    After  Forbes. 


cially  injurious.  This  can  not  be  said  about  the  nearly  related 
species  of  Tenebrioides,  frequently  called  "cadelles."  These  in- 
sects are  found  in  large  numbers  in  barns  and  mills,  where  they 
feed  on  grain,  meal  and  flour.  In  mills  they  can  cause  great 
damage,  not  so  much  by  eating  the  flour  as  by  eating  holes  in  the 
fine  and  expensive  bolting  silk.  One  species  {T.  mauritanica, 
Linn.),  is  shown  in  Fig.  51- 

Such  beetles  are  sometimes  found  in  most  unexpected  places. 
The  illustration  (Fig.  52)  shows  the  work  done  by  their 
larvae  in  some  books  stored  in  a  bin.  Whether  these  insects  were 
after  knowledge,  and  studied  a  Norwegian  book  or  not,  is  left  an 
c^pcn  question* 


Digitized  by  VjOOQIC 


128 


CADELLES-BEETLES. 


.M< 


^^r'        » 


C.   SAW-HORNS. 

(Serricornia). 
They  contain  numerous  families  of  beetles,  some 
need  description,  as  many  very  injurious  insects  belor 
group. 
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Fig.  61.—Tcnebrioides  mauritanica,  Linn.    After.. Division  ol   Entoi 
Department  of  Agriculture. 
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Pig.  52.  —Tenebrioides  mauritanica,  Linn,  as  a  student.     Or 
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FAMILY  ELATERIDAE. 

(S  flap  ping,  Clicking,  or  Spring-beetles). 

Notwithstanding  the  large  number  of  beetles  that  form  this 
family,  they  are  nearly  all  readily  recognized  in  all  of  their  stages, 
and  every  boy  knows  the  acrobatic  performances  of  the  adult 
snapping-beetles.  If  touched  ever  so  lightly  the  beetle  drops  to 
the  ground,  usually  landing  upon  its  back ;  after  remaining  per- 
fectly quiet  for  a  time,  as  if  dead,  we  hear  a  sudden  click,  the 
beetle  pops  into  the  air,  and  falling  upon  its  short  legs,  runs 
away.  When  we  study  the  under  side  of  the  beetle  to  discover 
the  means  which  enable  it  to  act  in  this  peculiar  fashion,  we  find 
that  the  pro-thorax  is  loosely  jointed  to  the  rest  of  the  body,  and 
that  on  its  under  side  there  is  a  curved  horn  which  fits  into  a 
cavity  of  the  meso-thorax  (Fig.  53).    When  such  a  beetle  is  laid 


Fig.  53.— Blatcr  ready  to  snap.    After  Smith. 


1      .r 


on  its  back  it  bends  in  such  a  way  as  to  bring  the  tip  of  the  curved 
horn  to  the  edge  of  the  cavity,  and  by  a  sudden  release  of  mus- 
cular tension,  this  tip  slips  and  the  insect  is  thrown  into  the  air. 

Most  of  our  snapping-beetles  are  small,  or  of  medium  size, 
but  a  few  are  quite  large,  sometimes  reaching  two  inches  in 
length.  As  a  general  rule  they  are  of  a  uniform  brownish  color; 
some  are  black  or  grayish,  and  still  others  are  gayly  colored,  even 
metallic.  The  very  elongated  body  tapers  more  or  less  towards 
each  end,  and  is  sometimes  flattened  .  The  feelers  are  moderately 
long,  more  or  less  serrated,  very  much  so  in  the  males  of  some 
rather  uncommon  species.  The  outer  angles  of  the  very  wide 
pro-thorax  are  usually  prolonged  into  points,  which  curve  around 
the  edge  of  the  wing-covers. 
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The  larvae  of  the  click-beetles  live  in  the  ground  and  in  de- 
caying wood;  they  sometimes  eat  other  insects  found  in  similar 
places.  These  larvae  have  been  named  "wire-worms/'  a  name 
that  well  describes  the  form  and  hardness  of  their  bpdies.  They 
are  long,  narrow,  worm-like,  very  evtn  in  width,  decidedly  hard, 
and  of  a  brownish  or  yellowish  white  color.  Besides  a  stimipy 
projection  on  the  last  joint,  acting  as  a  sort  of  prop  for  the  long 
abdomen,  they  have  only  the  usual  three  pairs  of  jointed  legs  in 
front.  Nor  do  they  need  long  legs,  as  they  live  well  hidden  in  the 
ground  or  in  rotten  wood.  They  are  mostly  vegetable  feeders, 
and  there  are  but  few  cultivated  plaots  which  they  do  not  injure. 
What  makes  it  worse  is  the  fact  that  they  are  so  well  hidden,  and 
that  they  cause  most  injuries  at  a  time  when  the  plants  are  still 
young  and  tender;  in  fact,  even  seeds  are  frequently  destroyed 
before  they  have  germinated.  In  this  way  fields  of  com  and  other 
grain  are  more  or  less  frequently  destroyed  by  wire-worms,  and 
as  we  have  over  500  species  of  such  noxious  beetles  in  the  United 
States  alone,  the  damage  caused  by  them  is  not  slig^ht.  A  few  of 
these  wire-worms  are,  however,  somewhat  beneficial,  as  they  hunt 
for  and  eat  wood-boring  larvae. 

The  larva  of  one  of  our  largest  species,  the  Eyed  Elater, 
(Alaus  oculatus  Linn.),  is  one  of  the  few  which  largely  subsists 
upon  other  insects ;  at  least  all  the  larvae  kept  by  the  writer  in 
decaying  wood  would  soon  perish  if  not  provided  with  living  in- 
sects, which  were  soon  discovered  by  these  cannibals  and  de- 
voured. The  large,  yellowish-brown  larva  of  the  Alaus  trans- 
forms to  a  pupa,  and  later  into  a  most  striking  beetle  (Fig.  54), 
black  in  color,  the  elytra  covered  with  fine  lines  and  flecks  of 
white  scales  arranged  in  ridges.  But  the  most  remarkable  mark- 
ings are  a  pair  of  large  velvety-black  spots^  encircled  with  white, 
upon  the  pro-thorax,  which  spots  are  frequently  mistaken  for 
eyes ;  the  true  eyes  are,  of  course,  situated  at  the  usual  place  on 
each  side  of  the  head,  and  are  rather  small. 

Such  wire-worms  as  live  in  the  ground,  and  which  feed  upon 
the  roots  of  plants,  sometimes  causing  great  losses  to  cereals  and 
to  other  cultivated  plants,  as  the  strawberry,  are  exceedingly  dif- 
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ficult  to  reach  with  any  material  that  will  kill  them.  In  fact,  most 
of  the  many  remedies  which  at  one  time  or  another  were  claimed 
as  infallible,  have  proven  to  be  of  very  little  benefit. 

The  life-habits  of  the  subterranean  species  may  be  stated 
in  general  to  be  as  follows:  the  beetles,  which  appear  very  early 
in  spring,  and  which  may  be  found  under  loose  bark,  under  stones 
and  boards,  or  in  fields  in  which  the  sod  has  been  turned  over,  fly 
about  late  in  May  or  early  in  June,  during  the  warmer  portions  of 
the  day.  After  copulating  they  deposit  their  eggs  in  grass-land,  or 
among  weeds,  or  wherever  there  is  an  abundant  vegetation  of  a 


ri 


Pig.  54.— ^/aoa  ocalataa,  Linn.,  and  larra..   After  Harris. 


grassy  nature.  During  midsummer  the  larvae  hatch  and  feed 
upon  the  roots  of  many  plants  for  two  or  three  years,  when  they 
reach  their  full  size.  They  change  to  pupae  early  in  fall,  and 
soon  afterwards  to  adults;  these,  however,  do  not  leave  the 
ground  until  the  next  spring.  From  this  life-history  it  will  appear 
that  we  can  not  directly  apply  any  poison  that  will  kill  the  larvae. 
By  attracting  adult  insects  to  bait  during  the  spring  we  may  kill 
a  few.  The  only  possible  method  to  get  rid  of  them  is  good 
cultivation  and  proper  rotation  of  crops.  Meadows  infested 
should  be  plowed  during  the  fall,  when  the  full-grown  larvae, 
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pupae  and  adults  are  killed,  at  least  many  of  them  are.  But  the 
younger  ones  are  not,  and  as  they  remain  in  the  larval  stage  for 
two  or  three  years,  the  fall  plowing  should  he  repeated  many 
times.  Professor  Smith  recommends  the  use  of  crimson  clover, 
which  should  J^c  sown  soon  after  the  beetles  have  laid  their  eggs, 
and  it  should  be  harvested  and  plowed  under  so  as  to  prevent 
the  development  of  the  larvae.  In  our  fruit  gardens  the  wire- 
worms  can  only  be  destroyed  by  constant  attention. 

Some  species  also  feed  upon  flowers  and  fruit,  but  the  dam- 


Pig.  55, — Wire  worms  at  work.     After  Brehm. 

age  caused  by  them  is  slight.  Fig.  55  shows  a  click-beetle  with 
a  number  of  larvae  at  work,  and  Figs.  56,  57  and  58  show  the 
adults  of  some  very  injurious  species  found  in  Minnesota. 

A  few  members  of  this  family  have  the  pleasant  habit  of 
eating  the  eggs  of  our  destructive  locusts,  hence  are  decidedly 
beneficial.  The  larvae  of  Cryptohypmis  bicolor  Esch.,  which  has 
this  very  commendable  habit,  is  shown  in  Fig.  59. 


Pig.  69- — Crjptobpnua  bicolor,  B«cb.,  larva.     After  Rilcg^. 
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Pig.  Bfi.-^A^jiotus  mancas.  Sa.v.     Orratlr        Fig.    67.  —  Drasieria    elegana.    Fab. 
Enlarged.    After  Forbei.  Greatly  enlarged.    After  Forbes. 


Fig.  58. — Melanotna  communis^  Gyll.        Fig.   GO.—Pyropiforaa  nocHlvcus.      Nat- 
Oreatly  enlarged.    After  Forbes,  nral  siie.    After  Brehm. 


In  Florida  and  Texas  occur  snapping-beetles  which  are  very 
luminous;  others  very  much  larger  occur  in  the  tropics,  and  some 
of  our  soldiers  have  no  doubt  seen  such  insects  as  the  one  illus- 
trated in  Fig.  Tx),  which  produces  a  very  strong  greenish  light. 
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The  writer  has  kept  such  luminous  beetles  for  a  long  time  in  the 
hollow  joints  of  sugar  canes,  much  to  the  delight  of  visitors.  The 
Cuban  ladies  make  a  singular  and  pleasing  use  of  these  living 
g^ns  by  keeping  them  in  little  lace  pockets  upon  their  dresses,  or 
arrange  them  as  a  fillet  for  their  hair.  A  ballroom  with  numer- 
ous dancers  wearing  such  "flashing"  jewels  is  a  very  peculiar 
sight  Fig.  60  shows  one  of  these  large  beetles^  the  two  whitish 
spots,  one  on  each  side  of  the  pro-thorax,  and  the  posterior  part  of 
the  under  side  of  the  abdomen,  are  luminous. 


\     i    ,  FAMILY  BUPRESTIDAE.  ;;    \ 

'  (Flat-headed  Borers). 

These  beetles,  also  called  "Metallic  Wood-BorersJ'  and 
''Saw-horned  Borers''  resemble  the  click-beetles  in  shape,  being 
usually  rather  long  and  narrow ;  their  bodies  are  hard  and  com- 
pact, frequently  looking  as  if  cast  of  bronze.  Their  feelers  are 
rather  short,  and  serrated  on  their  inner  edge ;  the  first  and  sec- 
ond abdominal  segments  are  soldered  together  on  the  ventral  side; 
the  head  is  deeply  inserted  in  the  pro-thorax,  and  the  latter 
broadens  but  slightly  behind,  fitting  tightly  over  the  base  of  the 
wing-covers.  The  beetles  do  not  possess  the  power  of  springing 
when  placed  on  their  backs.  The  colors  found  in  this  family  of 
beetles  are  richer  than  those  found  anywhere  else  in  nature ;  some 
species  are  pale  brown  or  gray  with  brassy  or  coppery  reflections, 
others  have  the  entire  surface  minutely  roughened  and  indented, 
looking  like  beaten  metal.  Still  others  are  blue,  green,,  violet  or 
golden,  burnished  in  spots,  or  covered  with  delicate  shingle-like 
scales,  seemingly  made  of  polished  metal.  Such  beetles  are  diur- 
nal insects,  flying  about  during  the  hottest  part  of  the  day,  or  dis- 
porting themselves  upon  the  trunks  of  trees,  running  about 
swiftly,  or  resting,  always  exposed,  as  if  proud  of  their  beauty. 
Some  of  them  are  very  active,  almost  as  much  so  as  tiger-beetles, 
and  use  their  wings  with  great  ease;  others  drop  to  the  ground 
when  disturbed,  or  feign  death,  not  trying  to  escape  by  flight 
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Most  of  the  larvae  of  these  borers  hve  inside  the  wood  of  trees, 
more  especially  beneath  the  bark ;  other$  are  gall-makers,  or  even 
leaf-miners.  Their  larvae  are  very  peculiar  beings,  being  charac- 
terized by  an  enormous  expansion  of  the  first  thoracic  joint,  from 
which  the  two  posterior  joints  taper  abruptly  to  the  slender  and 
cylindrical  abdomen.  In  other  cases  all  three  thoracic  joints  are 
more  or  less  expanded,  though  in  some  cases  they  are  also  nor- 
mal. On  account  of  this  flattened  appearance  such  larvae  are  fre- 
quently called  "flat-headed  borers,"  a  name  very  expressive, 
though  by  no  means  correct,  as  the  head  itself  is  not  flattened,  but 
appears  as  a  small  appendage  upon  the  anterior  edge  of  the  flat- 
tened joint  or  joints.  Sometimes  they  are  also  called  "tad-poles," 
for  self-evident  reasons.  The  larvae  of  typical  Buprestidae  pos- 
sess no  legs;  but  those  of  the  mining  species  have  cylindrical 
bodies  with  three  pairs  of  legs.  The  adult  forms  of  these  latter 
are  also  much  shorter  than  is  usual  in  this  family.  "Flat-headed 
Borers,"  sometimes  named  "Hammer-heads,"  infest  not  only 
trees,  shrubs  and  vines,  but  sometimes  even  herbaceous  plants. 
Some  prefer  dying  wood,  others  attack  apparently  healthy  and 
vigorous  plants.  The  pupa  is  formed  inside  the  burrow  or  mine 
made  by  the  larvae,  and  is  of  the  usual  form. 

Some  of  the  worst  pests  of  fruit-producing  plants  belong  to 
this  family  of  insects,  and  the  more  important  will  be  described 
and  illustrated. 


PIT.  01. — Chaleophora  tpecita.    After  Brthm 
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The  largest  of  our  common  Buprestids  is  the  Vii 
prestid  (Chalcophora  virginiensis  Drury).  It  is  ver; 
wherever  pine  trees  grow  in  forests.  It  is  a  copper- 
sect,  with  the  elytra  deeply  and  irregularly  furrowed 
vae  are  very  destructive  to  pines,  but  are  also  four 
trees-  A  similar  European  species  is  illustrated  ii 
The  genus  Dicerca  contains  a  number  of  kinds  of  a  n 
form,  which  have  the  elytra  so  strongly  narrowed 
tips  as  to  appear  like  tails.  The  wing-covers  are  vc 
irregularly  marked  with  elevated  spots  and  ridges,  cop 
or  brassy,  with  greenish  reflections.  Their  larvae  infes 
of  trees,  among  them  the  peach,  plum,  cherry,  hickory, 
maple. 

THE  DIVARICATED  BUPRESTIS. 

{Dicerca  divaricata  Say). 

This  beetle  is  fairly  abundant  in  Minnesota,  ar 
trated  in  Fig.  62;   it  is  from  seven  to  nine-tenths  of 


Pi?.  Q2.—Diccrcm  dirMricatm,  Say.     After  Division  of  BntomoloKy. 
ment  of  Agriculture. 


length,  copper-colored,  with  brassy  reflections,  and  t] 
ered  with  little  pits.  The  thorax  is  furrowed  in  the  i 
elytra  contain  numerous  impressed  lines,  and  small 
blackish  spots ;  the  tail-like  ti{)s  of  the  elytra  are  blunt, 
apart  a  little  like  a  swallow-tailed  coat.  Such  beetles 
not  ver}'  often,  however,  sunning  themselves  during 
and  August  on  the  trunks  and  limbs  of  old  cherry 
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trees ;  or  they  are  found  running  up  and  down  the  trunks,  enjoy- 
ing the  sunshine. 

The  eggs  are  deposited  in  the  crevices  in  the  bark  of  such 
trees,  also  in  that  of  the  peach.  Here  they  hatch,  and  the  young 
larvae  eat  their  way  through  the  bark,  and  hereafter  live  in  and 
destroy  the  sapwood  underneath.  The  larva  has  the  general  ap- 
pearance of  a  flat-headed  borer. 

THE  FLAT-HEADED  APPLE-BORER. 

(Chrysobothris  femorata  Fab.). 

The  members  of  the  large  genus  Chrysobothris  are  quite  flat- 
tened above;  the  wing-covers  possess  irregular  depressions  and 
elevations,  and  the  pro-thorax  has  curved  sides  and  is  narrowed 
behind.  The  species  under  discussion  is  well  illustrated  in  Fig. 
63.     It  measures  from  three-eighths  to  half  an  inch  or  more  in 


Pii^.  63. — Chryaobotbria  femorata,  Yah.     Bnl^rged.     After   I>ivi8ion  of  Bntoni 
logfy,  U.  S.  Department  of  Agriculture. 


length,  is  of  a  flattish,  oblong  form,  shines  greenish-black,  and 
has  three  raised  lines  on  each  of  the  wing-covers,  the  outer  two 
interrupted  by  two  impressed  transverse  spots  of  a  brassy  color, 
which  divide  each  wing-cover  into  three  almost  equal  portions. 
The  under  side  of  the  body  and  the  legs  are  of  burnished 
copper;  the  feelers  are  green.  The  insect  varies  great- 
ly in  size,  and  there  are  a  number  of  variations 
found  in  the  United  States,  some  being  very  much  brighter 
in  colors  than  others.    The  name,  "flat-headed  apple-tree  borer," 
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is  somewhat  misleading,  as  this  insect  is  by  no  means  confined  to 
the  apple,  but  injures  a  great  variety  of  orchard  and  forest  trees. 
It  is  one  of  the  most  injurious  of  all  buprestids.  Professor  Saun- 
ders, in  his  book,  "Insects  Injurious  to  Fruits,"  a  book  that  ought 
to  be  in  the  hands  of  every  fruit-grower,  gives  the  following  life- 
history  of  this  pest : 

"This  pest  is  common  almost  everywhere,  affecting  alike  the 
frosty  regions  of  the  North,  the  great  West,  and  the  sunny 
South.  It  is  much  more  abundant  than  the  two-striped  borer, 
and  is  a  most  formidable  enemy  to  apple-culture.  It  attacks  also 
the  pear,  the  plum,  and  sometimes  the  peach.  In  the  Southwest- 
em  States  it  begins  to  appear  during  the  latter  part  of  May,  and 
is  found  during  most  of  the  summer  months;  in  the  Northern 
States  and  in  Canada  its  time  of  appearance  is  June  and  July.  It 
does  not  confine  its  attacks  to  the  base  of  the  tree,  but  affects  the 
trunk  more  or  less  throughout,  and  sometimes  the  larger 
branches. 

"The  eggs,  which  are  yellow  and  irregularly  ribbed,  are  very 
small,  about  one-fiftieth  of  an  inch  long,  of  an  ovoidal  form,  flat- 
tened at  one  end,  and  are  fastened  by  the  female  with  a  glutinous 
substance,  usually  under  the  loose  scales  or  within  the  cracks  and 
crevices  of  the  bark ;  sometimes  singly,  at  other  times  several  in 
a  group.  The  young  larva  soon  hatches,  and,  having  eaten  its 
way  through  the  bark,  feeds  on  the  sap-wood  within,  where,  bor- 
ing broad  and  flattish  channels,  a  single  specimen  will  sometimes 
girdle  a  tree.  As  the  larva  reaches  maturity  it  usually  bores  into 
the  more  solid  wood,  working  upward,  and,  when  about 
to  change  to  a  pupa,  cuts  a  passage  back  again  to  the  outside,  eat- 
ing nearly,  but  not  quite  through  the  bark.  Within  its  retreat 
it  changes  to  a  pupa,  which  is  at  first  white,  but  gradually  ap- 
proaches the  color  of  the  future  beetle,  and  in  about  three  weeks 
the  perfect  insect  emerges,  and,  having  eaten  through  the  thin 
covering  of  bark,  escapes  and  roams  at  large  to  continue  the  work 
of  destruction. 

"The  mature  larva  is  a  pale-yellow,  legless  grub,  with  its 
anterior  end  enormously  enlarged,  round,  and  flattened.    At  A, 
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in  figure  63  th«  upper  side  of  the  anterior  swollen  portion  of  the 
body  is  shown.  Whether  this  larva  requires  one  or  two  seasons 
to  reach  maturity  has  not  yet  been  determined  with  certainty,  but 
the  opinion  prevails  that  its  transformati^s  have  been  com- 
pleted in  a  single  year. 

^'Remedies. — One  might  reasonably  suppose  that  this  larva, 
in  its  snug  retreat,  would  be  safe  from  the  attack  of  outside  foes ; 
but  it  is  hunted  and  devoured  by  wood-peckers,  and  also  de- 
stroyed by  insect  parasites.  A  very  small  fly,  a  species  of  Chalcid, 
destroys  many  of  the  larvae;  besides  two  larger  parasites  haye 
been  bred  from  them  ,  one  of  which,  Brecon  charus  Riley,  is  rep- 


Vig.  64. — Braeoa  ehMroa,  Kiley.     After  Ril«T. 

resented  magnified  in  Fig.  64,  the  hair-lines  at  the  side  showing 
its  natural  size.  The  other  species.  Cryptus  grallator  Say,  is 
somewhat  larger;  they  both  belong  to  that  very  useful  group  of 
four-winged  flies  known  as  Ichneumons. 

"Although  healthy,  well-established  trees  are  not  exempt 
from  the  attack  of  this  enemy,  it  is  found  that  sickly  trees,  or 
trees  newly  transplanted  are  more  liable  to  suffer,  especially  on 
the  southwest  side,  where  the  bark  is  often  first  injured  by  expo- 
sure to  the  sun,  resulting  in  what  is  called  sun-scald.  All  trees 
should  be  carefully  examined  early  in  the  fall,  when  the  3«owng 
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larvae,  if  present,  may  often  be  detected  by  the  discoloration  of  the 
bark,  which  sometimes  has  a  flattened  and  dried  appearance,  or 
by  a  slight  exudation  of  the  sap,  or  by  the  presence  of  the  saw- 
dust-like castings.  Wlienever  such  indications  are  seen,  the 
parts  should  at  once  be  cut  into  with  a  knife  and  the  intruder 
destroyed.  As  a  preventive  measure  there  is  perhaps  nothing  bet- 
ter than  coating  the  bark  of  the  trunk  and  larger  branches  with  a 
mixture  of  soft  soap  and  a  solution  of  soda/' 

Professor  John  B.  Smith,  in  his  valuable  book,  **Economic 
Entomology,"  in  speaking  of  remedies  against  this  or  similar 
borers,  says: 

"In  general  we  are  very  helpless  against  boring  larvae  once 
they  get  into  the  trunk  of  a  tree.  Cutting  out  is  a  tedious  pro- 
cess, even  if  the  location  of  the  larva  is  easily  discoverable,  which 
it  often  is  not.  We  must,  therefore,  try  to  prevent  their  entrance, 
and  this  may  be  done  more  or  less  completely  by  mechanical 
means.  As  against  the  larger  species — i.  e.,  against  all  except 
Agrilus — a  wire  mosquito  netting  loosely  encircling  the  trunk,  so 
as  not  to  touch  it  anywhere,  is  a  complete  protection.  The  in- 
sects lay  their  eggs  under  a  bark  scale,  or  on  smooth  bark  gnaw 
a  little  hole  in  which  the  egg  is  laid,  and  if  access  to  the  bark  is 
prevented,  they  seek  other  localities.  The  wire  must  be  tied  at 
the  top  to  prevent  beetles  from  getting  under  it,  and  must  extend 
under  ground  an  inch  or  so.  In  this  way  we  not  only  preveni 
new  infestation,  but  any  beetles  that  may  emerge  from  the  trunk 
will  be  hopelessly  imprisoned,  and  will  die  without  a  chance  to 
reproduce. 

** Instead  of  wire-netting,  tarred  paper  or  even  newspapers 
tightly  wrapped  around  the  trunk  and  branches  will  answer  an 
excellent  purpose,  needing  renewal  each  year,  however,  where 
the  wire-netting  lasts  several  seasons.  Thorough  white-washing 
offers  a  large  measure  of  protection,since  the  adults  will  not  volun- 
tarily eat  through  a  coat  of  it,  and  the  larvae  can  not  do  so  when 
first  they  emerge  from  the  egg.  The  whitewash  can  be  applied 
with  a  knapsack  pump  through  a  Vemioral  nozzle,  and  a  little 
Paris-green  adds  greatly  to  its  effectiveness.  It  should  be  renewed 
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every  week  or  so  till  the  middle  of  July,  when  the  danger  from 
these  flat-headed  borers  may  be  considered  at  an  end ;  and  it  has 
the  advantage  of  protecting  the  branches  as  well  as  the  trunk. 
The  admixture  of  a  little  glue  or  salt  will  improve  its  adhesive 
and  lasting  qualities. 

"A  strong  fish-oil  soap,  say  one  pound  in  one  gallon  of  water, 
is  also  effective,  and  may  be  applied  in  the  same  manner.  It 
forms  a  film  of  soap  over  the  bark,  and  is  repellent  to  the  beetles 
as  well  as  fatal  to  the  young  larvae.  The  admixture  of  an  ounce 
of  crude  carbolic  acid  to  a  gallon  of  suds  is  advantageous.  This 
mixture  should  not  be  applied  to  leaves  or  on  young  shoots,  as 
it  would  probably  cause  injury.  As  these  remedies  are  all 
preventive  rather  than  curative,  they  must  be  promptly  and 
thoroughly  applied,  and  success  will  be  in  proportion  to  the 
thoroughness  with  which  the  work  is  done.  Instead  of  any  of 
the  preceding  methods,  "insect  lime,"  or  "dendrolene,**  may,  with 
proper  precautions,  be  employed  on  the  trunks  and  larger 
branches,  and,  practically,  this  is  the  best  material  for  use  against 
the  "sinuate  pear-borer."  It  can  be  easily  applied,  remains  ef- 
fective for  weeks,  and  one  application,  properly  made  at  the 
right  time,  will  protect  the  trees  for  the  season.  As  against  the 
pear-borer,  it  should  be  applied  not  later  than  May  15th,  and 
kept  intact  until  June  15th,  when  all  danger  from  that  pest  is 
over." 

Among  the  smaller  species  of  beetles  of  this  family  are  some 
that  are  very  destructive,  and  it  seems  that  more  and  more  of 
them  become  so  where  the  country  is  more  densely  settled,  and 
where  the  native  forests  give  place  to  cultivated  fruit-trees. 
Still  other  species  find  their  way  to  this  country  with  imported 
trees  and  plants;  and  they  soon  become  more  destructive  here 
than  in  their  native  home,  very  likely  because  their  insect-enemies 
do  not  follow  them  at  the  same  time. 

The  genus  Agrilus  contains  a  large  nimiber  of  species,  which 
diflFer  from  those  mentioned  before  by  their  slender,  cylindrical 
form,  with  a  squarely  truncate  head,  seemingly  cut  off  in  front, 
and  with  elytra  much  narrower  at  the  tips. 
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THE  RED-NECKED  BLACKBERRY-BOREk. 

(Agriltis  ruficollis  Fab.)- 

This  very  common  beetle,  much  more  common  in  Minne- 
sota than  most  people  would  believe,  is  found  wherever  black- 
berries and  raspberries  occur.  In  the  burned  over  regions  about 
Hinckley,  where  a  dense  growth  of  these  plants  has  covered  the 
ground  since  the  fire,  the  writer  has  seen  small  plants  of  rasp- 
berries upon  the  leaves  of  which  he  could  count,  not  dozens,  but 
hundreds  of  these  pretty  insects  disporting  themselves  in  the 
bright  sunlight.  They  are  very  active,  flying  away  when  dis- 
turbed, or,  dropping  to  the  ground  as  if  dead,  are  difficult  to 
discover  among  the  dead  material  found  under  such  plants.  Of 
course  wherever  they  are  found  in  such  nuniibers  they  must  be 
injurious. 


Pig.  e^.—AtrriluB  ruacollis.  Fab.    Gall  and  lanra.     After  Riley. 

Sometimes  the  presence  of  their  larvae  can  be  readily  de- 
tected by  the  swollen  appearance  of  the  vines  (Fig.  65),  which 
look  gouty,  hence  the  name  Raspberry  Gouty-gall.  This  swell- 
ing is  caused  by  the  constant  irritation  caused  by  the  larva  in- 
side. The  swollen  portions  of  the  cane  are  not  smooth,  but  have 
the  surface  roughened  with  numerous  slits  and  ridges.  When  we 
cut  under  such  ridges  we  find  a  burrow  under  each  of  them,  and 
in  it,  or  in  the  soft  adjoining  substance,  we  find  the  culprit.    It 
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is  a  peculiar  worm,  with  an  almost  thread-like,  pale-yellowish  or 
white  body,  with  the  anterior  segment  enlarged  and  flattened. 
The  small  head  is  brown,  the  powerful  jaws  are  black,  and  the 
tail  is  armed  with  two  slender  dark-brown  horns,  each  with 
three  blunt  teeth  on  the  inner  edge.  When  this  worm  is  mature 
it  measures  about  six-tenths  of  an  inch  in  length.  But  not  all 
the  worms  form  such  galls ;  many  can  be  detected  in  canes  not 
showing  any  swellings. 

While  still  young  the  larvae  inhabit  mainly  the  sap-wood, 
and  following  an  irregular  spiral  course,  they  frequently  girdle 
and  destroy  the  cane.  In  most  cases  a  number  of  worms  are 
found  in  a  single  cane.  Early  in  May  the  full-grown  larva  en- 
ters deeply  into  the  pith  of  the  cane,  and  here  it  changes  to  a  pupa, 
from  which  the  adult  escapes  soon  afterwards. 

The  eggs  are  deposited  early  in  summer,  mostly  during  the 
month  of  July;   they  are  laid  on  the  young  canes. 


Fig.  66.— A^r/laa  raHeottla,  Fab.     After  RUey. 

The  beetle  is  a  rather  beautiful  insect  with  velvety  brown- 
ish-black wing-covers,  a  rather  small,  dark,  bronzy  head,  and  a 
very  bright  coppery  neck  or  pro-thorax;  the  underside  is  of  a 
uniform  shining  black  color ;  it  measures  about  three-tenths  of  an 
inch  in  length,  and  is  shown  in  Fig.  66. 

Prof.  Smith,  who  has  closely  studied  the  life-history  of  this 
beetle,  writes  that  "it  is  good  practice  to  cut  out  all  galled  canes 
early  in  spring,  and  burn  them.  Trimming  is  done  at  this  time  as 
a  matter  of  regular  cultivation,  and  the  galls  are  then  easily  seen. 
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No  "galled"  cane  ever  ripens  a  fair  set  of  berries,  and  it  might 
as  well  be  cut  out  at  once.  Another  satisfactory  method  is  to 
cut  off  all  the  new  shoots  at  the  surface  of  the  ground  about  the 
end  of  June.     At  this  time  all  the  beetles  have  laid  their  eggs. 


Fig.  ^T.—Agrilna  •Inuains. 
of  AflTxiculture. 


After  Division  of   Entomology,  U.   S.   Department 
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and  the  shoots  which  come  up  in  July  can  not  be  infested.  (Of 
course  in  our  state  we  should  wait  at  least  fourteen  days  longer 
with  this  operation).  The  best  results  will  be  obtained  by  com- 
bining both  methods.  Cutting  the  new  shoots  causes  the  death 
of  the  young  larvae,  which  are  unable  to  subsist  on  dead  wood, 
and  being  footless,  they  are  unable  to  migrate  to  new  stalks." 

Another  species  of  Agrilus  (A.  sinuatus),  imported  from 
Europe  within  recent  years,  is  very  destructive  in  the  eastern 
United  States;  its  larva  feeds  between  the  bark  and  wood  of 
pear-trees,  making  immensely  long  zig-zag  galleries,  and  in  this 
manner  girdling  and  killing  the  tree.  It  differs  in  one  remark- 
able respect  from  our  destructive  species  in  that  it  remains  two 
years  in  the  larval  state.  Although  not  found  in  Minnesota,  the 
peculiar  work  of  this  injurious  insect  is  illustrated  (Fig.  67),  so 
that  it  may  be  recognized  in  case  oiir  orchards  should  ever  abound 


Fig.  ^%.—Agriltta  bWncatus,  Web.     Aitcr  DiTision  of  Bntomoloiry.  U.  S.   Dcpart- 
mcat  of  Agricaltorc. 


in  such  luscious  fruit  as  pears.  Fig.  68  illustrates  still  another 
species  (A.  bilineatus  Webb-),  which  is  not  rarely  found  in  Min- 
nesota. 

After  describing  such  destructive  beetles  as  those  mentioned 
above,  it  is  a  pleasure  to  be  able  to  say  a  good  word  for  the 
insects  that  form  the  next  families. 
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FAMILY  LAMPYRIDAE. 

(Fire- flies  and  Soldier-beetles) . 

It  is  scarcely  necessary  to  describe  fire-flies,  as  they  arc  so 
well  known,  at  least  in  their  adult  or  winged  state.  Children 
living  in  the  country  have  seen  these  beautiful  objects  flying 
over  low  places,  such  as  marshes  and  wet  meadows,  or  have 
observed  them  in  the  bushes  growing  along  streams,  ponds  or 
lakes;  they  have  seen  the  flashes  produced  by  them  along 
the  borders  of  forests,  or  in  the  orchards  nearer  by.  But  chil- 
dren in  the  large  cities  have  no  opportunity  to  admire  such  won- 
derful phenomena,  excepting,  perhaps,  in  the  larger  parks.  The 
flashes  of  light  are  given  oflF  at  regular  intervals,  both  during 
flight  and  when  at  rest  in  the  grass.  In  some  cases  both  male 
and  female  insects  are  luminous;  in  others  it  is  only  the  one 
sex,  and  in  still  other  instances,  as  in  the  so-called  "glow-worm,'* 
the  female  is  wingless. 

When  we  look  more  carefully  at  these  nocturnal  beetles,  we 
find  that  the  terminal  segments  of  the  abdomen  are  of  a  bright 
sulphur-yellow  color  on  the  under  side,  which,  at  the  will  of 
the  insects,  glow  with  a  phosphorescent  light  of  considerable 
power.  Different  species  have  such  luminous  spots  arranged  in 
various  ways,  and  some  lack  them  altogether.  The  beetles  arc 
of  a    soft   texture,   usually   slender,    somewhat   flattened   above. 
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with  a  more  or  less  retracted  head.  The  prothorax  is  expanded 
in  a  thin  projecting  margin,  which  in  some  cases  almost  entirely 
covers  the  head.  The  peculiar  power  of  emitting  light  serves 
two  useful  purposes:  it  is  no  doubt  a  great  protection  to  the 
beetles,  and  it  brings  together  the  sexes.  As  a  protection  it 
only  fails  in  the  case  of  bull-frogs,  which  gobble  up  such  insects 
in  spite  of  the  fire,  which  is,  however*  of  a  cold  nature.  In  fact 
such  frogs  can  be  readily  attracted  and  caught  by  using  fire- 
flies as  a  bait.  The  larvae  of  fire-flies  burrow  in  the  earth,  and 
some  of  them  are  slightly  luminous;  they  feed  upon  the  soft 
bodies  of  other  insects,  upon  snails,  and  upon  other  similar  food. 
A  number  of  such  insects  are  illustrated  in  Fig.  69. 

Other  members  of  this  family  of  beetles,  which  are  ditirnal 
in  their  habits,  are  called  "Soldier-beetles"  (Fig.  70).     They  arc 


Pig.  70.— Soldicr-BccUcs.— After  Brehm. 

also  soft,  and  frequently  quite  gayly  colored.  They  are  found 
upon  flowers,  where  they  feed  upon  pollen  or  nectar,  being  en- 
abled to  do  so  by  the  possession  of  a  fleshy  filament  attached  to 
each  maxilla.  Both  fire-flies  and  soldier-beetles  eat  insects,  some- 
times even  very  large  ones.  The  writer  has  in  his  possession  a 
OHmnon  Lightning  Bug,  (Fhotinus  pyralis  Linn.),  which  was 
found  in  the  act  of  eating  a  beetle  of  equal  bulk.     But  the  bene- 
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fit  to  owners  of  fruit-producing  plants  is  derived  from  the  food- 
habits  of  the  larvae  of  such  insects.  The  larvae  of  the  *'Two- 
lined  Soldier-beetle  (Telephorus  bilineatus  Say),  are  very  com- 
mon, and  may  be  seen  late  in  fall  running  over  sidewalks,  evi- 
dently in  search  of  winter  quarters.  These  small,  very  dark 
brown  and  velvety  beings,  narrowed  at  each  end,  with  the  edges 


/^4 


Pig.  71.— Telepborns  bitineataa.  Say.     After  Rllcy. 

of  the  segments  quite  prominently  marked,  are  very  beneficial  in 
our  orchards,  and  devour  immense  numbers  of  such  destructive 
beings  as  the  larvae  of  the  plum-curculios,  when  these  enter  the 
ground  to  pupate.  The  fat  worms  of  the  codling-moths  are 
also  to  their  taste;  in  fact  they  are  very  ravenous,  and  destroy 
many  noxious  insects.  The  larva  of  this  insect  is  shown  in  Fig.  71. 

F.\MILY  CLERLD.\E. 

( Checkered-beetles) . 

A  large  number  of  beetles  are  included  in  this  family. 
Most  of  them  are  carnivorous,  but  a  few  eat  dried  skins,  decay- 
ing meat  and  similar  substances.  The  adults  are  found  on  flow- 
ers and  on  the  tnmks  of  trees,  running  about  rapidly,  somewhat 
resembling  brightly  colored  ants   (Figs.  ';2  and  73).     Some,  if 


^^^ 


Pig.    72.— C/erua  spec.     After  Brehm. 


Pig.  73.— Tricbodeampec.  After  Brehm. 
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lot  most  of  them,  are  beautifully  marked  with  strongly  con- 
rasting  colors,  for  which  reason  Prof.  Comstock  calls  them 
'Checkered  Beetles"  in  his  valuable  book  entitled  "Manual  for 
he  Study  of  Insects."  Some  are  decidedly  ant-like,  the  pro- 
horax  in  this  case  being  narrower  than  the  wing-covers,  and 
lightly  narrower  than  the  head.  These  insects  have  rather  long 
egs,  the  antennae  are  almost  knob-like ;  their  bodies  are  more  or 
ess  cylindrical,  with  a  firm  texture.  Many  species  are  quite 
lairy,  others  almost  smooth. 

The  larvae  are  usually  carnivorous,  and  are  most  frequently 
bund  in  the  burrows  of  wood-boring  insects,  chiefly  in  those 
hat  live  in  sap-wood ;  others  are  found  in  the  nests  of  bees,  and 
till  others  feed  on  dead  animal  matter.  The  slender  larvae 
)ossess  short  legs  and  a  somewhat  prominent  and  pointed  head, 
rhey  are  extremely  useful  in  keeping  in  check  such  destructive 


Pig.  74:— Triebodea  mpiroraa.  Germ.;    a.  larva;   6,  pupa.     All  enlarged.    Aftei 
Mley. 

beetles  as  bark-beetles  and  other  borers,  and  for  this  reason  de- 
>erve  our  consideration.  Another  species  of  these  beetles  is 
shown  in  Fig.  74;  it  'is  an  insect  that  can  not  be  called  beneficial, 
iis  it  is  found  as  larva  in  nests  of  bees,  where  it  feeds  upon  their 
young,  upon  honey,  and  stored  pollen.  It  is  not  very  common  in 
Minnesota,  and  is  easily  recognized  by  the  brilliant  red-banded 
wing-covers. 

Some  of  these  beetles  are  exceedingly  numerous  in  the  pine 
regions  of  our  state,  where  they  do  much  good  by  eating:  the 
numerous  bark-insects  so  destructive  to  evergreen  trees. 
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Another  well-known  beetle  belongs  here.  It  is  fn 
called  the  *' Red-legged  Ham-beetle,"  (Necrobia  rufipe^ 
This  cosmopolitan  insect  is  steel  blue,  with  red  legs, 
clothed  with  fine  hair.  Its  normal  food  is  dead  animal 
for  which  reason  they  are  exceedingly  numerous  about  § 
tories  and  slaughter-houses.  If  they  confined  their  s 
strictly  to  such  things,  they  could  be  called  useful,  notwi 


^^ 


f 


Fiff.  7!i.—NecrobJa  ruffpe,^.  Fab.:  a,  larva:  b,  head  of  same;  c,  beetle. 
Afier  Division  of  Entomology,  U.  S.  Department  of  Agriculttirc. 


ing  what  the  owners  of  glue-factories  might  say,  but  thes 
have  learned  from  experience  that  smoked  ham  is  mu 
palatable,  and  for  the  reason  of  obtaining  this  food  t\ 
smoke-houses  and  pantries.  The  •  illustration,  (Fig.  7« 
the  two  stages  of  this  insect,  which  sometimes  causes  con 
losses,  not  so  much  on  accour^^^t  of  what  it  eats  as  of  what 

FAMILY  MALACHIIDAE. 

The  beetles  composing  this  family  are  all  small,  s< 
small;  they  resemble  lightning-beetles  in  having  soft  b< 
leatlicry  wing-covers,  but  are  very  much  shorter   and 
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especially  towards  the  end  of  the  elytra,  where  the  abdomen  is 
very  broad.  The  antennae  are  also  short,  a  little  enlarged  at  the 
tip,  and  in  many  species  the  males  have  them  curiously  knotted. 
Upon  the  sides  of  their  body  they  possess  soft  and  orange- 
colored  organs,  which  become  plainly  visible  if  the  beetles  are 
taken  up  with  the  fingers,  as  in  such  a  case  these  vesicles  are 
said  to  exhale  strong  odors,  offensive  to  cannibal  insects,  hence 
they  may  be  considered  as  organs  of  defense. 

Members  of  this  family  are  frequently  seen  in  the  flowers  of 


• 


Tig.  76. — Malacbias  marginicollls.    Greatly  enlarged.    After  Smith. 

fruit-producing  plants ;  they  feed  also  on  other  insects  and  their 
eg^s.  Others  have  been  found  in  the  burrows  made  by  bark- 
beetles.  To  show  how  such  beetles  look  an  illustration  of  a 
Malachius  is  given  in  Fig.  76. 


FAMILY  PTINIDAE. 

(Death-watch;  Cigarette-beetles) . 

This  family  is  composed  of  rather  small  insects,  rarely  ex- 
ceeding a  quarter  of  an  inch  in  length ;  the  family  as  such  is  not 
easily  defined,  as  it  contains  an  aggregation  of  very  odd-looking 
forms.  As  a  rather  general  character  they  have  a  more  or  less 
cylindrical,  firm  body,  solid  wing-covers,  and  a  head  that  can 
be  retracted.  Some  are  possum-like  in  their  method  of  mimick- 
ing death,  and  they  do  this  so  thoroughly  well  that  it  is  almost 
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impossible  to  make  them  move  again.  In  many  cases  both  legs 
and  feelers  fit  in  grooves,  and  the  entire  insect  appears  to  be  des- 
titute of  such  useful  organs.  As  various  as  are  the  forms  of 
such  beetles,  just  so  various  are  their  food-habits.  Yet  the  ma- 
jority of  the  adults  and  larvae  feed  on  dried  animal  or  vegetable 
matter.  Some,  however,  attack  green  vegetation.  Prof.  Corn- 
stock  has  bred  large  numbers  of  one  species  from  the  covers  of 
an  old  book,  a  copy  of  Dante's  Divine  Comedy,  printed  in  1536. 
He  does  not  state  whether  the  insects  also  consumed  the  text  as 
greedily  as  the  covers!  A  description  of  some  of  these  beeties 
will  show  the  range  of  their  habits. 

The  Death-watch   (Sitodrepa  panicea  Linn.),  named  so 
from  the  ticking  frequently  made  when  it  is  working  in  wood, 


Fig.  76V4. — Sitodrepa  punicem,  Linn, 
partment  of  Ag^ricnlture. 


After  Divinlon  of  Bntomolos^,  U.  S.  D«- 


which  becomes  quite  audible  during  the  night  when  other  sounds 
have  ceased,  has  given  rise  to  many  superstitions,  and  ignorant 
people  consider  it  as  a  warning  of  approaching  death.  The  ilhis- 
tration  (Fig.  7654 ),  shows  this  terrible  being  to  be  rather  small, 
and  certainly  not  very  alarming.  It  is  a  bad  insect,  however,  in 
other  ways ;  and  our  soldiers  can  tell  many  a  story  of  ship-biscuits 
enlivened  by  the  presence  of  their  larvae.  In  fact  the  writer  has 
seen  biscuits  thus  infested  that  contained  as  much  animal  as 
vegetable  matter. 

The  Cigarette-beetle  (Lasioderma  serricorne  Fab.),  is  a 
great  lover  of  the  weed  in  all  its  forms,  and  neither  chewing  nor 

Digitized  by  VjOOQIC 


TWIG-BEETLES. 


153 


moking  tobacco  is  left  undisturbed  if  it  can  not  have  cigars  or 
igarettes.  It  is  very  destructive  to  all  kinds  of  tobacco,  a\id  is 
L  serious  trouble  to  the  manufacturers  of  such  ware.  Still,  even 
f  more  cigarettes  were  spoiled  the  general  loss  to  sensible  peo- 


<:^\aaaflt3tfi^^^^ 


^g-  7^\^.^ LaaiodertDM  Bcrricome,  Fab.  After  Livision  of  Bntomology,  U.  S. 
rpartment  of  Bntomology. 

le  would  not  be  very  important.  But  there  are  other  members 
f  this  family  that  deserve  the  close  attention  of  fruit-growers. 
*he  cigarette-beetle  is  illustrated  in  Fig.  76%. 

THE  APPLE-TWIG  BORER 

(Amphicerus  bicaudatus  Say). 

This  beetle  is  cylindrical,  about  one-third  of  an  inch  in 
ng^h,  of  a  dark  chestnut-brown  color  above  and  black  beneath, 
y  consulting  the  illustration,  (Fig.  77),  it  will  be  seen  that  its 
orax  is  roughened  in  front  with  minute  elfevated  points,  and  in 
e  males  is  furnished  with  two  little  horns;  this  sex  has  also 
ro  small  thorn-like  projections  at  the  extremities  of  the  wing- 
vers.  This  beetle  bores  into  small  apple-twigs  in  early  spring, 
itering  close  to  a  bwd,  and  making  a  channel  several  inches  in 
igth,  apparently  to  obtain  both  food  and  shelter ;  sometimes  the 
nes  of  grapes  are  invaded  in  similar  places,  and  are  killed  in 
nsequence.  Twigs  of  pears  and  cherries  are  also  used  for  this 
rpose. 

Both  sexes  make  such  tunnels,  and  they  are  occasionally 
and  in  them  during  the  middle  of  winter  as  well  as  in  sum- 
jr ;  they  are  usually  found  in  the  tunnels  with  the  head  down- 
irds-      In  this  manner  they  sometimes  work  during  the  sum- 
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Pig.   77. — Amphiccrua  bicaudatas.  Say.     After  Division   of   Bntomology.  U.  S. 
Department  of  A^icultnre. 

mer  months,  and  cause  the  invaded  twigs  to  die;  as  a  general 
rule,  however,  the  beetles  leave  their  burrows  during  the  summer. 
They  now  deposit  their  eggs  in  the  dead  or  dying  roots  of  the 
"greenbrier"  (Smilax  spec),  or  in  the  dead  shoots  of  the  grape. 
The  larvae,  well  illustrated  in  the  figure,  as  well  as  the  pupae, 
remain  in  such  places  until  the  full-fledged  beetle  is  formed.  The 
insects  are  not  common  enough  to  cause  serious  damage.  Twigs 
containing  their  burrows  should  be  promptly  removed  and  burned, 
and  no  greenbriers,  a  bad  weed  at  the  best,  should  be  permitted  to 
grow  near  orchards.  Wild  grape-vines,  if  harboring  such  beedes 
in  larger  numbers,  should  also  be  removed. 

THE  RED-SHOULDERED  SINOXYLON. 

(Sinoxylon  basilar e  Say). 

This  beetle,  closely  related  to  the  one  just  mentioned*  is 
found  in  our  state,  but  is  rather  uncommon.     It  is  about  one- 
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ffifth  of  an  inch  long,  black,  with  a  large  reddish  spot  at  the  base 
•of  each  wing-cover,  as  indicated  in  the  illustration  (Fig.  78). 
The  thorax  is  also  furnished  with  elevated  points  and  short 
opines  in  front;  the  wing-covers  are  roughened  with  dots,  and 
appear  to  be  cut  off  obliquely  behind;  the  outer  edge  of  this 
detlivity  is  furnished  with  three  teeth  on  each  side. 

The  larva  bores  into  the  stems  of  grape-vines,  and  sometimes 
-into  the  twigs  of  apple  and  peach.  It  is  a  much  wrinkled  grub, 
yellowish-white,  with  swollen  anterior  segments,  three  pairs  of 
short  legs,  a  small  head,  and  an  arched  body.  The  pupa  is 
'formed  inside  the  burrow,  and  is  of  a  pale-yellowish  color. 

The  only  remedy  is  to  remove  and  bum  infested  canes  and 


Pig.  IS.—Slnoxjton  bmai/Mre  Say.    After  Kiley. 

twigs.  Several  other  related  beetles  have  been  reported  as  being 
injurious  to  orchards,  but  none  of  them  are  found  in  our  state. 
Others,  which  do  not  cause  any  injury  to  the  plants  themselves, 
"but  to  the  posts  to  which  the  canes  of  raspberries,  grapes,  and 
other  plants  are  tied,  might  be  mentioned,  as  fruit-growers  are 
sometimes  molested  by  thjm. 

Beetles  belonging  to  the  genera  of  Bostrychi4s  and  Lyctus  de- 
stroy old  and  dry  wood.  The  latter  especially  are  sometimes 
very  abundant,  and  their  presence  may  be  recognized  by  the 
large  amount  of  exceedingly  fine  dust  that  gathers  at  the  base 
of  such  posts. 

The  beetles  themselves  are  very  seldom  seen  in  large  num- 
bers on  the  infested  posts,  but  if  we  cut  open  one  of  them  appar- 
■ently  still  solid,  we  find  it  entirely  honey-combed  inside.  Even 
«uch  exceedingly  dry  and  hard  substances  as  hoe-handles  made 
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of  hickory,  if  left  undisturbed  for  a  long  time  in 
have  been  known  to  be  entirely  destroyed  by  ins 
character. 

D.     LEAF-HORNS. 


Ji»l 


(Lamellicornia). 

Leaf -horns  contain  only  two  families  of  beetles; 
numbers  but  a  few  species  of  remarkable  forms, 
very  large  number;  some  of  them  are  scavengers,  c 
feeders.  This  second  family  is  one  of  great  extern 
large  and  showy  insects  belong  to  it.  But,  not^ 
their  different  forms  and  food  habits,  all  resemble  e 
the  possession  of  feelers  which  terminate  in  a  knc 
of  three  or  more  leaf-like  blades,  which,  at  the  will  c 
can  be  folded  up  like  the  pages  of  a  book. 


FAMILY  LUCANIDAE. 

{Stag,  or  Pinching'beetles) . 

Stag-beetles  are  well  named  on  account  of  cer 
the  males  of  which  have  immensely  large  mandibles 
branched  like  the  antlers  of  a  stag.  Their  chief  c 
however,  is  the  form  of  their  antennae.  These  are  t 
i.  e.,  the  tips  of  the  feelers  are  furnished  with  sevei 
jections  on  one  side,  like  the  teeth  of  a  comb;  th< 
also  bent  and  elbowed  in  the  middle.  These  proj< 
composing  the  club  can  not  be  closed  together  as  the 
next  family.    (Compare  Fig.  9). 

The  adult  beetles  feed  upon  the  sap  of  bruise 
they  can  secure  this  food  by  means  of  brushes  locate 
and  lips.  By  knowing  this  food-habit  many  can  be 
purposely  bruising  such  plants,  as  young  oaks,  ar 
lows.  The  eggs  are  large,  globular,  white  objects 
deposited  in  the  crevices  of  the  bark  near  the  roots. 
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Fig.'79.— Irocanus  elapbua.  Fab.    After  Fuchs. 

iemble  "white  grubs,"  only  they  do  not  eat  the  roots  of 
LHts,  but  bore  into  the  solid  wood  of  the  trunks  and  roots  of 
es,  reducing  it  to  coarse  sawdust.  In  most  cases  the  larva 
[uires  a  number  of  years  to  reach  its  full  size. 

Stag-beetles  are  of  but  little  economic  importance,  but  as 
:ir  forms  are  very  striking,  they  are  of  much  popular  interest, 
e  illustration,  Fig.  79,  shows  the  male  of  the  large  stag- 
!tle  (Lucanus  elaphns  Fab-),  which  does  not  seem  to  be  found 
Minnesota,  and  Fig.  80  that  of  (L.  dama,  Thumb.),  which  is 
'ly  common  in  our  state. 

THE  STAG-BEETLE. 

{Lucanus  dama  Thunb.). 

The  male  of  this  large  beetle  has  the  upper  jaws  or  mandi- 
5  largely  developed ;  they  are  curved  like  a  sickle,  and  possess 
nail  tooth  near  the  middle  of  the  inner  margin ;  the  female  has 
iller  jaws,  also  toothed.    Large  specimens  measure  about  two 
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inches  in  length;  they  are  of  a  deep  mahogany-brown  color^ 
the  legs  being  very  much  lighter.  The  broad  head  of  the  male  is- 
smooth,  that  of  the  female  narrower  and  rough.  The  males  fly 
during  the  months  of  July  and  August,  and  are  very  strong  flyers^ 
so  that  they  can  be  heard  buzzing  about  during  the  evening  or 
night.  They  are  attracted  by  light,  and  enter  our  houses,  where 
they  greatly  scare  some  persons.  They  never  bite,  however, 
unless  forced  to  do  so  by  being  roughly  handled.  The  females 
are  more  retiring  in  their  habits,  and  are  not  often  found,  and  if 
seen  at  all,  it  is  usually  upon  the  trunk  of  some  bleeding  tree. 


Pi^.  80. — Luemns  dama,  Thanb. 
Harris. 


Adult;  a,  larva;  b,  cocoon.      After  Puctat  and« 


The  large  larva  of  this  beetle  is  found  in  the  decaying  wood 
of  many  different  kinds  of  trees,  such  as  oak,  apple,  cherr)',  or 
willow.  From  the  very  fact  that  these  larvae  are  only  found  in 
old  and  decaying  trees  we  can  feel  certain  that  they  cause  but 
slight,  if  any  damage.    Larva  and  cocoon  are  shown  in  Fig.  80. 

A  smaller  beetle  belonging  to  this  family,  the  Platycerus  quer- 
cus  Web.,  is  sometimes  injurious,  because  it  devours  the  buds  of 
pear  trees.  It  is  also  found  in  Minnesota,  but  mostly  in  the  decay- 
ing wood  of  old  oak  logs  and  stumps.  It  is  a  rather  peculiar 
beetle,  nearly  half  an  inch  in  length,  with  very  large  jaws  in  the- 
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male  sex,  but  only  small  ones  in  that  of  the  female ;  it  has  ribbed 
wing-covers,  black,  with  a  greenish  cast.  In  Illinois  it  matures 
about  the  time  at  which  buds  of  pear  trees  unfold,  and  in  such 
buds  the  adult  beetle  feeds  for  many  days,  completely  eating  out 
the  buds  and  the  ends  of  the  new  shoots. 


FAMILY  SCARABAEIDAE. 

(Lamellicorn-beetles) . 

This  is  a  very  large  family,  including  beetles  with  a  very 
wide  range  of  variation  in  size,  form,  and  habits.  Most  of  th€m 
are  short,  stout  beetles  like  the  Tumble-bug  or  June-bug.  All 
possess  an  antennal  club,  the  leaves  of  which  can  be  closed  to- 
gether or  spread  out  at  will,  like  a  fan,  exposing  the  numerous 
sensory  pits  with  which  they  are  densely  covered. 

We  can  divide  the  family  into  two  well-marked  groups,  the 
Scavengers  and  the  Leaf-chafers, 

The  Scavengers  are  of  little  interest  to  fruit-growers,  but  a 
few  forms  will  be  described  to  give  an  idea  of  their  form  and 
habits. 

The  Tumble-bugs  are  perhaps  best  known  on  account  of 
their  peculiar  habit  of  forming  round  balls  of  dung,  which  they 
roll  long  distances.  The  two  sexes  most  frequently  work  to- 
gether, and  after  having  rounded  and  compressed  the  ball  by  roll- 
ing it  in  dusty  places,  till  it  is  hard  and  compact,  thus  preventing 


Fig.  82.— .1  teacbus  sacer.    After  Brehm. 
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rapid  drying  of  the  enclosed  moist  material,  they  finally  bury  it 
in  the  ground.  The  male  now  leaves,  and  the  female  eats  out  a 
cavity  in  the  ball,  in  which  she  deposits  an  enormously  large  and 
soft  egg ;  this  done,  she  again  closes  the  cavity  by  plastering  the 
removed  portion  of  the  dung  over  it.  The  egg  soon  hatches,  and 
in  a  very  short  time  the  larva  is  fully  grown,  and  transforms  to 
a  pupa.  The  whole  period  of  growth  takes  less  than  fourteen 
days.  The  illustration  (Fig.  8i,  plate  i)  shows  the  ball,  egg  and 
adults  of  one  of  these  beetles  (Canthon  laevis  Drury). 

Tumble-bugs  were  well  known  to  the  ancient  Egyptians,  who 
held  one  species  of  them,  the  Sacred  Beetle  (Fig.  82),  in  high  ven- 
eration. They  considered  it  a  symbol  of  strength  and  resurrec- 
tion, and  for  this  reason  stone  imitations  of  the  beetles  were  placed 
in  the  tombs  with  their  dead.  "The  ball,  which  the  beetles  were 
supposed  to  roll  from  sunrise  to  sunset,  represented  the  earth ;  the 
beetle  itself  personified  the  sun,  because  of  the  sharp  projections 
on  its  head,  which  extended  out  like  the  rays  of  light ;  while  the 


Pij(.  83. — Ateuchaa  rariolosus.  rolling  balls, 
beetle.    After  Brehm. 


Egyptian  actilpttires  of  Sacred 


Digitized  by  VjOOQIC 


LAMELLICORN-BEETLES. 


IHI 


thirty  segments  of  its  six  tarsi  represented  the  days  of  the  month. 
All  individuals  of  this  species  were  thought  to  be  males,  and  a 
race  of  males  symbolized  a  race  of  warriors.  The  latter  supersti- 
tion was  carried  over  to  Rome,  and  the  Roman  warriors  wore 
images  of  the  sacred  beetle  in  rings."  The  illustration,  (Fig  83), 
shows  the  famiHar  action  of  the  two  beetles,  as  well  as  some 
scluptures  and  inscriptions.  None  of  such  scavengers  are  injuri- 
ous in  our  country,  although  exceptions  occur  in  others,  where 
members  of  scavenger  beetles  destroy  roots  of  the  grape  vine. 

Other  scavenger  beetles,  like  the  Copris  Carolina  Linn.,  illus- 
trated in  Fig.  84,  do  not  roll  balls,  but  they  make  holes  close  to  or 


T^ig.  84. — Copria  Carolina,  Linn.; 
After  RHcy. 


A,  larva;   6.  ball;    c,   papa;    d,  adnlt  female. 


under  manure,  especially  that  of  cows,  and  fill  the  holes  com- 
pactly with  this  substance  as  a  store  of  food  for  their  larvae, 
which  hatch  from  eggs  deposited  in  the  lowest  parts  of  such  bur- 
rows, one  in  each.  Some  allied  beetles  are  most  beautiful  objects, 
of  metallic  colors,  and  beautified  in  the  most  remarkable  manner 
with  all  sorts  of  odd  horns  found  upon  head  or  thorax. 
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It  has,  however,  been  stated  upon  very  good  authority  that  the 
colmmon  black  Aphodius  {A.  granarius  Linn.),  illustrated  in  Fig. 
85,  lias  the  bad  habit  of  eating  into  sprouting  seeds  of  corn.  At 
all  events  some  species  of  this  genus  very  often  attract  the  atten- 
tion of  farmers,  as  immense  numbers  of  them  swarm  early  in 
spring,  and  again  late  in  autumn,  over  country  roads,  and  especial- 
ly over  such  roads  that  have  been  frequented  by  horses  and  cows. 
Here  the  beetles  enjoy  their  last  meals  before  entering  the  ground 
to  pass  the  winter.  The  illustration  (Fig.  86)  shows  an  adult 
beetle  and  its  larva. 


Pie.  85. — ApbodiuB   grmnariaSt   Linn, 
Greatly  enlar£:ed.    After  Forbes. 


Fig.  SQ.—ApbodlaM  fosaor,  Lian..  and 
larva.    After  Brehm. 


The  Leaf-chafers,  or  Herbivorous  Lamellicornsr,  feed  upon 
leaves  of  trees  in  their  adult  state,  or  they  devour  the  pollen  and 
petals  of  flowers.  They  are  distinguished  from  the  majority  of 
scavengers  by  having  more  slender  legs,  with  long  claws  which 
enable  them  to  grasp  their  food  firmly,  but  do  not  enable  them  to 
dig  into  the  ground.  Some  of  them  can,  however,  do  so,  but  not 
so  easily  as  their  relatives  with  filthier  habits.  As  a  general  rule 
the  tip  of  their  abdomen  projects  beyond  the  wing-covers,  and  is 
not  shortened  or  cut  off  squarely.  Since  the  adults  also  feed  upon 
vegetable  matter  they  are  in  some  cases  as  destructive  as  their 
larvae,  only,  however,  for  a  much  shorter  period.  The  larvae  feed 
cither  in  rotton  wood,  when  they  are  harmless,  or  they  eat  the 
roots  of  grasses  and  other  plants.  Such  larvae,  well  known  as 
''white  grubs,"  are  thick,  fleshy  beings,  much  wrinkled,  with  a 
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body  so  much  curved  that  they  can  only  crawl  about  with  great 
dfficulty  if  placed  upon  the  surface  of  the  soil.  They  possess 
large  homy  heads,  and  long,  sprawling  legs.  The  posterior  seg- 
ment of  the  abdomen  is  in  many  species  thicker  than  the  re- 
mainder, and  appears  dark,  being  filled  with  a  large  amount  of 
dirt  and  other  waste  matter.  In  their  burrows  such  larvae  can, 
however,  move  quite  rapidly ;  they  do  so  by  lying  on  their  backs, 
which  are  usually  protected  by  a  cushion  of  short  hairs ;  their  legs 
are  mainly  used  to  grasp  the  food  overhead. 

Many  groups  of  these  beetles  are  familiar,  some  of  them 
well  known  bythe  common  name  of  "May-beetles,"  "Dor-beetles," 
"June-bugs,"  "Rose-beetles,"  "Goldsmith-beetles,"  "Rhinoceros- 
beetles,"  "Flower-beetles,"  and  others.  Only  those  that  are  in- 
jurious to  the  fruit-grower,  or  are  otherwise  of  special  interest, 
will  be  described  more  in  detail. 

We  have  in  Minnesota  a  number  of  small  lamellicorn  beetles 
that  are  sometimes  destructive  to  the  flowers  of  fruit-producing 
plants.  They  are  not  numerous  enough  to  cause  marked  injury, 
at  least  not  unless  many  of  them  are  at  work  on  the  same  tree  or 
cane.  They  belong  to  two  genera:  Hoplia,  and  Dichelonycha, 
The  former  are  robust,  oval  insects,  injurious  to  apples  and  plums, 
of  which  they  destroy  the  entire  flowers.  Hoplia  modesta  Hald, 
an  oval  shaped,  brown  beetle,  with  a  metallic  white  pubescene 
upon  the  pointed  and  projecting  posterior  segments  of  the  ab- 
domen, and  with  long  legs,  well  adapted  to  anchor  it  in  flowers, 
is  the  most  common  one  of  such  small  enemies.  It  measures  about 
one-quarter  of  an  inch  in  length,  and  is  shown  in  Fig.  87,  Plate  I. 

Dichelonycha  elongata  Fab.,  and  D,  subvittata  Lee,  also  pos- 
sess a  similar  bad  habit.  Both  beetles  resemble  each  other  in 
general  appearance,  but  instead  of  being  oval  in  shape  they  are 
quite  elongated,  measuring  almost  half  an  inch  in  length.  Their 
general  color  is  also  brown,  but  they  possess  in  addition  a  de- 
cidedly metallic  lustre,  varying  from  all  shades  of  dark  blue  to 
bluish-green  or  g^een.  In  case  of  necessity  these  beetles  should 
be  gathered  and  killed.  This  is  easily  done  upon  low  plants, 
where  they  can  readily  be  seen,  but  it  is  almost  impossible  when 
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they  are  found  upon  trees.  But  as  they  are  only  acti\ 
the  warmer  portions  of  the  day,  resting  or  sleeping  at  ot 
in  beautiful  cradles  of  white  petals,  protected  by  a  cover 
posed  of  yellow  grains  of  pollen,  they  are  easily  shakei 
inverted  umbrella,  or  in  extreme  cases  into  a  large  she 
under  the  tree.  However,  a  simple  shaking  avails  but 
trees  must  be  jarred  by  a  sharp  blow  made  with  a  malle 
with  cloth,  to  prevent  injury  to  the  trunks.  Both  sp 
shown  in  Fig.  87,  Plate  I. 


msw 


THE  ROSE-CHAFER,  OR  ROSE-BUG. 

(Macrodactylus  subspinosus  Fab.). 

This  destructive  beetle  is  only  too  well  known  in  sc 
of  the  United  States,  but  happily  it  is  of  rare  occurrence 
nesota,  at  least  at  the  present  time.  It  is  found  in  Ju 
the  time  when  grapes  and  roses  are  in  full  bloom;  it 
dainty  morsels  as  these  highly  scented  flowers  in  pref 
anything  else,  but  in  their  absence  it  is  satisfied  with  le 
Prof.  Smith,  who  had  ample  opportunity  in  New 
study  this  beetle,  which  is  illustrated  in  Fig.  89,  writes 
as  follows: 

"Occasionally,  for  a  number  of  years,  the  insects  s 
ever  increasing  abundance,  until  the  swarms  are  so  g 
they  ruin  not  only  vineyards,  but  orchards  and  garder 
almost  every  kind  of  fruit  and  flower.  In  the  presena 
swarms  we  are  almost  helpless,  and  insecticides  are  of  m 
use.  No  contact  poison  kills  them,  and  the  arsenites  2 
stomach  poisons  act  too  slowly,  as  two  or  three  days 
ruin  a  vineyard.  Lest  this  will  seem  strange,  I  will  < 
I  have  seen  on  hundreds  of  acres  of  vineyard  every  vin 
multitudes,  and  every  bunch  of  blossoms  harbored  from  t 
or  even  more  beetles.  I  have  counted  over  twenty  on  a  sin 
and  a  full-blown  rose  may  bear  as  many  as  thirty  or  e^ 
We  are  reduced  to  actually  collecting  the  specimens 
vines  by  means  of  funnel  or  umbrella-shaped  collectors 
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to  the  method  of  cultivation  in  use.  They  drop  readily  when  the 
vines  are  jarred,  and  the  collector  should  be  so  made  a*s  to  roll 
thein  into  the  center  and  into  an  attached  pail  containing  kero- 
sene. This  must  be  done  not  only  daily,  but  continuously  for 
several  days  until  the  flight  is  over  or  the  grapes  have  set,  for 
well-set  grapes  are  rarely  eaten.  Fortunately,  a  period  of  ab- 
normal increase  seems  to  be  followed  by  a  period  of  decrease, 
though  the  length  of  the  periods  have  not  been  ascertained.     The 


Pig.  89. — Macrodactjrias  aabapinoaus,  Pab.-After  Division  of  Entomology, 
U.  S.  Department  of  Agrriculttirc. 

larvae  feed  in  light  land  on  the  roots  of  various  plants,  but  prin- 
cipally on  grass.  They  pupate  in  spring,  shortly  before  they 
change  to  the  adult  condition,  and  by  ploughing  infested  sod 
at  this  time  a  large  proportion  can  be  destroyed.  When  only 
moderate  numbers  occur,  lime  often  serves  to  protect  the  plants, 
or,  better,  the  Bordeaux  mixture,  which  is  distasteful  to  them." 
As   may  be  seen  by  the  illustration   this  ochreous  yellow 
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beetle,  slender  in  form,  possesses  long  and  very  spiny  legs,  which 
are  so  sharp  that  birds  refuse  to  eat  their  owners.  Even  hens 
will  ogle  such  food,  and  express  th^ir  disapproval  by  letting  it 
severely  alone,  no  doubt  having  learned  from  experience  that  such 
morsels  will  not  slide  down  very  readily.  When  stating  that  the 
beetle  is  of  an  ochreous-yellow  color,  this  statement  should  be 
amended  by  saying  that  this  color  is  produced  by  dense  and  even 
scales  of  that  color,  which  rub  off  very  readily,  exposing  the 
black  colors  of  the  wing-covers  and  body.  In  this  case  we  have 
an  insect  which  is  both  destructive  in  its  larval  and  adult  stage. 

THE  SILKEN  SERICA. 

{S erica  sericea  111.). 

This  small  beetle,  also  oval  in  shape,  but  a  little  larger  than 
the  Hoplia  mentioned  before,  is  of  a  brown  color  when  still 
young,  but  becomes  quite  dark  with  age.  Specimens  not  in- 
jured by  having  their  surface  rubbed  are  truly  beautiful  in  cer- 
tain lights,  showing  in  such  positions  almost  all  the  colors  of  the 
spectrum  upon  a  silky  background.  This  is  most  markedly  the 
case  near  the  sides.     But  notwithstanding  this  beauty,  they  can 


-^ 


Vig, 90.  SericaMcolor,S&j. —    Fig.  91. — Lacbnosterna  fusca^    Proehl. —  After  Dj- 
After  Saunders.  vision  of  Entomology,  U.  S.  Department  of  Agn- 

cultnre. 
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become  destructive  by  eating  flowers  and  leaves  of  our  fruit- 
producing  plants.    Serica  tricolor  Say  is  shown  in  Fig.  90. 

This  species,  as  well  as  two  others,  the  bluish-black  5*.  tricolor 
Say,  which  has  a  hairy  thorax,  and  the  uniform  mahogany-brown 
S.  vespertina  Gyll.,  are  fairly  abundant  in  Minnesota,  and  can 
be  kept  in  check  by  beating  them  from  the  plants  into  inverted 
umbrellas,  where  they  can  be  gathered  and  destroyed.  Their 
larvae  are  not  known,  but  very  likely  they  live  upon  roots  in 
the  ground  like  the  larvae  of  related  beetles.  Other  species  of 
this  genus  are  destructive  in  California.  Fig.  87,  Plate  I,  shows 
S.  tricolor  Say,  and  S.  vespertina  Gyll. 

MAY-BEETLES,  OR  JUNE-BUGS. 

(Lachnosterna  spec). 
Prof.  Saunders,  in  the  book  already  mentioned,  gives  a  con- 
densed account  of  the  life-history  of  these  beetles  in  the  follow- 
ing words :  "Every  one  must  be  familiar  with  the  May-beetle, — 
or  May-bug,  as  it  is  commonly  called, — a  buzzing  beetle,  with  a 
slow  but  wild  and  erratic  flight,  which  comes  thumping  against 
the  windows  of  lighted  rooms  in  the  evenings  in  May  and  early 
June,  and,  where  the  windows  are  open,  dashes  in  without  a 
moment's  consideration,  bumping  against  walls,  ceiling,  and 
articles  of  furniture,  occasionally  dropping  to  the  floor,  then  sud- 
denly rising  again.  It  sometimes  lands  uninvited  on  one's  face 
or  neck,  or,  worse  still,  on  one's  head,  where  its  sharp  claws  be- 
come entangled  in  the  hair  in  a  most  unpleasant  manner.  It  is 
a  thick-bodied,  chestnut-brown  or  blackish  beetle,  (Fig.  91),  from 
eight  to  nine-tenth  of  an  inch  in  length.  Its  head  and  thorax  are 
punctuated  with  small  indentations;  the  wing-covers,  though 
glossy  and  shining,  are  roughened  with  shallow,  indented  points, 
and  upon  each  there  are  two  or  three  slightly  elevated  lines  run- 
ning lengthwise.  Its  legs  are  tawny  yellowish,  and  the  breast 
is  covered  with  pale-yellowish  hairs;  the  under  surface  is  paler 
than  the  upper.  During  the  day  the  beetles  remain  in  repose,  but 
are  active  at  night,  when  they  congregate  upon  cherry,  plum,  and 
other   trees,    devouring   the    leaves,    occasionally,     when    ver>' 
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Fig.  92.— Jane  beetles  at  nigtat.     After  Brehm. 

numerous,  entirely  stripping  the  trees  of  foilage  (F 
Their  strong  jaws  are  well  adapted  for  cutting  their  f( 
their  notched  or  double  claws  support  them  securely 
foliage. 

"The  female  is  said  to  deposit  her  eggs  between  the 
grass,  enclosed  in  a  ball  of  earth;  they  are  white,  trai 
and  spherical,  and  about  one-twelfth  of  an  inch  in  c 
When  hatched,  the  small  white  grubs  begin  at  once  to  f( 
the  rootlets  of  plants;  they  are  several  years  in  reach 
turity,  and  hence  larvae  of  different  sizes  are  usually  i 
the  ground  at  the  same  time.  When  full-grown,  they 
most  as  thick  as  a  man's  little  finger;  they  are  soft  an 
have  a  homy  head  of  a  brownish  colon  and  six  legs ;  th 
part  of  the  body  is  usually  curved  under,  as  shown  in  t 
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tration.  This  larva  is  generally  known  as  the  "white  g^b,"  and 
is  very  injurious  to  strawberries,  devouring  the  roots  and  de- 
stroying the  plants;  it  feeds  also  upon  the  roots  of  grass  and 
either  plants,  and  when  very  numerous  it  so  injures  pasture- 
lands  and  lawns  that  large  portions  of  the  turf  can  be  lifted  with 
the  hand  and  rolled  over  like  a  piece  of  carpet,  so  completely  are 
the  roots  devoured.  When  cold  weather  approaches,  the  grub 
buries  itself  in  the  ground  deep  enough  to  be  beyond  the  reach 
of  frost,  and  there  remains  until  the  following  spring.* 

"When  ready  for  its  next  change,  the  larva  forms  a  cavity 
in  the  ground,  by  turning  itself  round  and  round  and  pressing 
the  earth  until  it  moulds  a  cell  of  suitable  form  and  size,  which 
it  lines  with  a  glutinous  secretion,  so  that  the  cell  may  better  re- 
tain its  form,  and  within  this  it  changes  at  first  to  a  pupa,  and 
finally  produces  the  perfect  beetle. 


Fig,  93.— Tjpbia  inornata.  Say.     After  Riley. 

"Remedies:  It  is  very  difficult  to  reach  the  larvae  underground 
with  any  remedy  other  than  digging  for  'them,  and  destroying 
them.  Hogs  are  very  fond  of  them,  and,  when  turned  into  places 
where  the  grubs  are  abundant,  will  root  up  the  ground  and  de- 
vour them  in  immense  quantities.  They  are  likewise  eaten  by 
domestic  fowls  and  insectivorous  birds;  crows  especially  are  so 
partial  to  them  that  they  will  often  be  seen  following  the  plough, 
so  as  to  pick  out  thes^  choice  morsels  from  the  freshly-turned 
furrow.  An  insect  parasite,  the  unadorned  Tiphia,  Tiphia  in- 
ornata  Say,  is  also  actively  engaged  in  destroying  the  white  grub. 

*Tbe  writer  has  long  ago  come  to  the  conclusion  that  insects  do  not  enter  the 
ground  simply  to  escape  the  rigors  of  winter.  If  they  had  to  do  so,  they  would  be 
forced  in  Minnesota  to  go  to  the  same  depth  as  water  pipes,  which  have  to  be  laid 
from  six  to  eight  feet  to  prevent  trcexing! 
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Frequently,  when  digging  the  ground,  a  pale-brown,  eg 
cocoon  is  turned  up  (Fig.  g^d)  ;  within  this,  when  fresh 
found  a  whitish  grub,  represented  at  92c,  which,  dt 
growth,  has  fed  upon  the  larva  of  the  May  beetle.  Wi 
snug  enclosure  it  soon  changes  to  a  pupa,  and  finally  assi 
perfect  form,  as  shown  at  a  in  the  figure.  The  fly  is  bh 
sometimes  a  faint  bluish  tint,  with  dusky  wings,  and  I 
more  or  less  covered  with  pale-yellow  hairs,  which  are 
^n  the  under  side. 

"A  curious  whitish  fungus  sometimes  attacks  this  1; 
destroys  it,  growing  out  at  the  sides  of  the  head ;  the  p 
ance  or  sprout  rapidly  increases  in  size,  often  attaining 
of  three  or  four  inches,  when  it  presents  the  appearance 
94.  A  very  large  number  frequently  die  from  this  cause 
infested  with  the  beetles  should  be  shaken  early  in  the  1 
when  the  insects  will  fall,  and  may  be  collected  on  sh 
killed  by  being  thrown  into  scalding  water.  Besides  th 
and  plum,  these  insects  feed  on  the  Lombardy  poplar 
oaks.  On  account  of  the  length  of  time  the  larva  take 
ture,  the  beetles  are  not  often  abundant  during  two  si 
seasons." 

Alt  the  time  Prof.  Saunders  wrote  the  above  excel 
•scription  the  numerous  species  of  the  genus  Lachnostet 
not  yet  well  understood,  but  since  that  time  a  number 
mologists  have  not  alone  studied  the  adult  forms,  whicl 
to  more  than  sixty  species,  but  also  their  larvae,  th< 
grubs,"  have  been  studied.  Hence  the  description  give 
applies  not  to  a  single  species,  described  as  L.  fusca  Frc 
to  a  whole  group  of  very  similar  kinds.  Such  studies  h 
however,  given  us  newer  and  better  methods  to  combat 
juries  caused  by  such  insects  in  the  larval  condition;  to  fi: 
^rubs  successfully  is  still  an  unsolved  problem. 

In  Minnesota  we  have  a  number  of  species  varying 
<:olor,  and  structural  details;  some  are  small  and  yellc 
ered  with  long  hairs,  others  are  dark  and  smooth;  son 
the  time  of  year  that  gives  such  beetles  the  popular  i 
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Fig.  94.~M«7  beetle  fungus.    After  Riley. 


Pig.  95. — LrMcbnostcrna  tristis,  Fab. 
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May  or  June-beetles,  others  occur  much  later  in  the  season,  being 
found  as  late  as  the  end  of  September,  or  even  early  October. 
However,  none  of  these  later  flying  beetles  are  very  numerous. 

The  smallest  of  our  species  is  the  L,  tristis  Fab.  (Fig. 
95 ).  It  is  of  a  light  yellowish-brown  or  ochre-yellow  color, 
densely  covered  with  long  and  fine  hairs;  this  hair  is  most 
prominent  upon  the  thorax,  and  for  this  reason  the  beetle  is  fre- 
quently called  the  "hairy-necked  May-beetle."  It  is  not  only 
the  smallest  species,  but  also  the  earliest  to  appear,  and  our  oaks 
suffer  very  greatly  at  the  time  in  which  the  leaves  unfold,  and  it 
is  not  an  uncommon  occurrence  to  find  the  tree  entirely  bare  of 
leaves  after  repeated  nocturnal  visits  of  these  beetles.  If  they 
are  at  all  numerous  the  observer  can  detect  their  presence  by  the 
peculiar  sounds  produced  by  them;  it  seems  as  though  a  large 
swarm  of  bees  was  employed  in  the  tree.  Such  beetles,  like 
many  of  "their  larger  relatives,  are  frequently  thrown  out  of  the 
ground  early  in  spring  by  the  spade. 

Our  most  common  larger  species  are  the  members  of  the 
ftisca  group,  and  the  L.  rugosa  Melsh.  (Fig.  96),  which  is  dis- 
tinguished by  shining,  but  at  the  same  time  very  rugose  wing- 
covers.  It  is  common  everywhere,  not  alone  in  the  wooded 
regions  of  the  state,  but  in  the  open  prairies  as  well. 


Fig.  96. — Lacbnosterna  rugosa,  Melsh.    After  Forbes. 
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Other  species  are  covered  with  a  very  fine  pubescence,  al- 
most entirely  hiding  the  wing-covers;  others  have  longer  hairs 
arranged  in  parallel  rows  upon  the  elytra;  but  all  have  such  a 
familiar  look,  that  the  illustrations  given  will  convey  a  good  idea 
of  the  appearance  of  nearly  all. 

With  us  the  beetles  emerge  from  the  ground  just  att  dusk,  or 
soon  afterwards,  and  they  leave  the  trees  long  before  sunrise,  so 
that  the  beating  of  the  trees  even  very  early  in  the  morning  will 
secure  but  a  very  few,  hence  does  not  amount  Ito  much  as  a 
remedy.     But  as  such  insects  can  be  attracted  to  light,  immense 


"Fig.  97.— Lamp  trap.    After  Lintner. 


numbers  can  be  captured  and  killed  by  placing  under  a  strong 
light  a  vessel  containing  water  with  some  kerosene  floating  on  it. 
(Fig.  97).  If  we  study  the  captured  beetles,  we  find  that  in 
some  cases  only  the  males  of  some  species  have  been  caught; 
again  we  find  both  sexes  in  about  equal  numbers,  and  in  some 
few  cases  mainly  females  are  attracted.  But  whether  the  fe- 
males have  already  deposited  their  eggs  or  not  is  a  question,  and 
it  is  also  doubtful  whether  we  do  much  good  by  so  attracting 
them.     It  seems  to  the  writer  that  the  strong  light  not  alone  at- 
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tracts  the  beeftles,  but  that  in  doing  so  we  may  aggravate  the 
-evil  in  some  cases  by  bringing  them  to  the  more  valuable  trees 
planted  near  our  houses,  in  which  case  the  females  are  certain 
to  deposit  their  eggs  in  our  lawns. 

Among  the  Shining  Leaf-chafers,  which  resemble  May- 
l)eetles  in  form,  but  are  separated  from  them  by  the  possession  of 
tarsal  claws  of  unequal  size,  one  claw  in  each  pair  being  larger 
than  the  other,  (see  Fig.  99),  we  find  species  of  brilliant  colors 


'Pig.  98.— AaomalM  aoduJata  Welsh.— 
'Bnlarged.    After  Harris. 


Tin.  99 .^  Anomalm.  marginata,  Pab.; 
A.  lucicola,  Pab.,  and  cn'arged  tarsal 
claws.    After  Lrintner. 


and  markings.  This  is  especially  true  of  tropical  species,  which 
<:ontain  some'  of  the  most  beautiful  beetles  known.  They  possess 
wing-covers  and  bodies  apparently  made  of  gold,  silver,  or  other 
metal.  Most  of  such  beetles  are  also  of  medium  size;  others  arc 
large,  sometimes  very  large.  But  few  species  are  found  in  Min- 
nesota, and  none  of  them  are  very  destructive. 

THE  LIGHT-LOVING  ANOMALA. 

{Anomala  lucicola  Fab.). 

This  beetle  feeds  upon  the  leaves  of  grape  and  other  plants. 
It  is  a  robust  insect,  long  oval  in  form,  measuring  about  one-third 
of  an  inch  in  length.  It  is  of  a  pale  yellowish-brown  color,  the 
prothorax  is  either  uniform  in  color,  or  black,  margined  with  dull 
yellow;  the  posterior  part  of  the  head  and  the  ventral  side  of 
the  body  are  black,  but  sometimes  the  abdomen  is  brown.  The 
teetles  vary  greatly  in  color  and  markings;    some  are  almost 
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entirely  black,  and  dthers  have  two  broad  diverging  longitudinal 
greenish  bands  upon  the  disk  of  the  prothorax.  The  beetles  ca» 
be  destroyed  by  means  of  Paris-green. 

A  little  larger  species  of  this  genus  is  the  "Two-spotted 
Anomala,"  (A.  binotata  Gyll.),  which  also  varies  considerably, 
but  can  in  most  cases  be  recognized  by  two  larger  or  smaller^ 
irregular  black  spots,  one  upon  each  wing-cover;  head  and 
thorax  are  uniformly  polished  black  or  dark-brown,  always  much 
darker  than  the  wing-covers;  the  under  side  of  the  body  is^ 
colored  like  head  and  thorax. 

A  much  smaller  species,  the  A,  minuta  Burm.,  is  quite  com- 
mon in  Minnesota.  It  varies  even  more  than  the  two  species  al- 
ready mentioned,  some  being  entirely  dark  brown,  others  bright- 
yellowish  brown;  some  possess  no  markings  at  all,  others  are 
ornamented  with  small  spots  forming  one  or  more  bands  across- 
the  wing-covers;  while  still  others  have  numerous  dark  spots, 
sometimes  confluent,  thus  forming  a  narrow  upper  and  broad 
lower  band  across  the  elytra. 

Still  other  members  of  this  genus  occur  in  this  state,  but 
are  more  abundant  further  south,  where  they  sometimes  cause 
considerable  injury  to  fruit-producing  plants.  The  largest  spe- 
cies is  A.  marginata,  Fab.,  a  beetle  much  larger  than  those  already 
described,  measuring  about  one-half  an  inch  or  more  in  length. 
It  is  alio  brown,  but  with  a  peculiar  green  luster,  especially  if 
seen  from  above.  The  darker  prothorax  is  edged  with  a  broad 
margin  of  yellow.     It  is  shown  in  Fig.  99. 

These  beetles  are  harmless  when  they  appear  singly;  but 
sometimes  they  occur  like  the  Rose-beetle  in  large  swarms,  and 
in  such  cases  they  riddle  the  foliage  of  the  plants  to  such  an 
extent  that  it  resembles  a  piece  of  net,  and  only  the  larger  veins 
are  left  undisturbed.  The  larvae  live  in  the  ground,  feeding  there 
upon  the  roots  of  plants.  As  they  cannot  be  reached  in  such 
quarters  we  have  to  fight  the  beetles  themselves,  which  is  readily 
accomplished  by  the  use  of  arsenical  poisons,  by  dusiting  the  vines- 
with  fresh  air-slaked  lime,  or  by  syringing  them  with  a  solu- 
tion of  whale-oil  soap  or  strong  tobacco  water. 
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The  following  letter,  published  by  the  late  Dr.  L 
one  of  his  excellent  reports,  will  give  an  idea  of  th 
such  beetles  may  give  the  horticulturist :  "And  now  we 
AnonuUa  marginata.  This  is  the  too  modest  name  of 
species  of  May-beetle,  which  for  "pure  cussedness"  can 
rose-bug  points  and  come  out  ahead.  It  resembles  the  ] 
is  about  half  the  size  and  in  color  is  metallic  bluish-gre< 
creature  appeared  for  the  first  time  last  summer  in  thi 
just  as  the  rose-bug  was  leaving,  and  promptly  began  d 
everything  that  the  other  hadn't  time  to  eat.  While  blej 
the  appetite  of  the  rose-bug  and  the  elephant  combir 
not  so  formal  as  the  former,  but  brings  all  its  luggage  a 
remains  with  us  until  fall.  While  the  rose-bug  has  sli 
this  summer,  the  A,  M.  has  come  again  in  millions, 
eating  breakfast  about  six  days  ago  and  hasn't  knocke 
to  gdt  ready  for  lunch.  Some  of  my  vines  are  already 
foliated.  1  have  found  them  to  somie  extent  on  blackbei 
berry,  and  rose  bushes,  but  its  preference  is  the  grape  vin 

"I  tried  hand-picking  and  shaking  them  into  a  ve 
water  and  kerosene.  I  had  three  men  working  in  a 
thirteen  hundred  Cynthiana  vines  for  an  entire  day.  In 
they  destroyed  gallons  of  them.  The  next  morning  tl 
there  in  unbroken  ranks,  not  a  vacancy  visible.  I  th 
spraying  with  London  purple,  a  potmd  to  one  hundred 
gallons  of  water.  If  this  treatmerit  has  caused  them 
pleasantness  I  have  yet  to  discover  the  fact.  One  migh 
try  to  convince  the  Sabbatarians  that  there  are  other  pec^ 
world  who  have  rights. 

"If  any  of  your  readers  having  vineyards  have  been 
by  these  pests  and  have  succeeded  in  getting  rid  of  them 
like  to  learn  their  methods.  Kerosene  emulsion  might 
deterrent,  but  I  fear  that  it  would  spoil  the  gjapes  f 
making.  In  the  meantime,  my  emotions  are  too  gjeat  i 
ance.  I  think  that  Job  makes  no  mention  of  ever  ha\ 
tended  with  the  Anomala  marginata.  I  would  be  w< 
His  opinion  expressed  in  choice  Chaldaic  might  possib 
case  and  give  me  some  relief.  J.  1 
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THE  SPOTTED  VINE-CHAFER. 

(Fclidnota  punctata  Linn.). 

This  is  a  grape-vine  pest  in  more  southern  and  eastern 
staites,  where  it  devours  the  foliage,  but  is  by  no  means  a  com- 
mon beetle  in  Minnesota,  hence  not  as  destructive  as  elsewhere. 
It  is  a  stout  beetle*  large  specimens  almost  reaching  an  inch  in 
length,  of  a  clay-yellow  color,  with  three  large  black  dots  near 
the  margin  of  the  elytra.  These  spots  are  very  prominenjt  in 
northern  specimens,  but  are  frequently  very  small  or  even  ab- 
sent in  southern  ones.  The  whole  under  side  of  the  insect,  in- 
cluding the  legs,  is  black  with  a  metallic  green  tint.  The  base 
of  the  head,  between  the  eyes,  'the  margin  of  the  scutellum,  and 
one  spot  on  each  side  of  the  thorax  are  also  black.  The  insect 
is  nearly  oval  in  form,  with  a  polished  surface. 


Pig.  100.— PelidnotA  punctata,  Linn.    After  Riley. 

These  beetles  fly  during  July  and  August,  and  are  only 
active  during  the  day.  flying  from  vine  to  vine  with  a  heavy 
flight  and  a  loud  buzzing  noise.  Being  so  large  and  showy,  they 
are  easily  detected  at  'their  work,  and  should  be  reduced  in  num- 
bers by  hand  picking. 
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The  female  deposits  her  eggs  in  rotten  wood,  on  i 
larva  feeds.  The  latter  seems  to  prefer  the  decaying 
apple,  pear,  hickory  and  some  other  trees.  When  full 
is  nearly  two  inches  in  length,  of  the  usual  shape  of  oth 
grubs,"  but  not  so  densely  covered  with  hairs.  It  has 
nut-brown  head  and  a  translucent  white  body,  of  a  clea 
color  than  that  of  other  and  similar  shaped  larvae;  the 
ment  ends  in  a  heart-shaped  swelling,  short  and  cut  off 
Seen  from  the  front  it  is  marked  as  shown  in  the  Fig. 
As  soon  as  full  grown  the  larva  forms  a  slight  cocoo 
tides  of  the  surrounding  wood;  in  it  it  changes  to  a  p 
which  the  beetle  escapes  about  ten  days  afterwards. 

THE  GOLDSMITH-BEETLE. 

{Cotalpa  lanigera  Linn.). 


'**|5g»*      .       B  This  is  without  doubt  one  of  our  most  beautiful  be 

as  it  is  rather  common  in  our  state,  is  well  known,  a 
our  children,  whose  eyes  are  so  sharp  in  detecting  al! 
strange  looking  or  beautiful  things.  The  beetle  is  al 
inch  long,  and  is  broadly  oval  in  shape.  It  is  of  a  lem 
color  above,  glistening  like  burnished  gold,  with  pris 
flections  on  the  top  of  the  head  and  on  the  thorax.  1 
side  is  copper-colored,  and  is  thickly  covered  with  whi 
hence  the  name  lanigers,  or  wool-bearer.  Even  the 
polished  upper  surface  is  coated  with  an  exceedingly  1 
in  fresh  specimens ;  this,  however,  soon  disappears,  beii 
off.     Fig.  loi,  Plate  III,  shows  this  beautiful  insect. 

Although  so  common  it  can  hardly  be  called  a  very 
beetle.  According  to  Saunders  "this  insect  appears  lal 
and  during  the  month  of  June,  and  is  distributed  over  a 
area,  being  found  in  most  of  the  Northern  States  and  ii 
and  although  seldom  very  abundant,  rarely  does  a  se 
without  some  of  them  being  seen.  During  the  day  th( 
active,  and  may  be  found  clinging  to  ^he  under  side  of 
of  trees,  often  drawing  together  two  or  three  leaves. 
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ing  them  with  their  sharp  claws  for  the  purpose  of  concealing 
themselves.  At  dusk  they  issue  from  their  hiding  places,  and  fly 
about  with  a  buzzing  sound  among  the  branches  of  (trees,  the 
tender  leaves  of  which  they  devour.  The  pear,  oak,  poplan 
hickory,  silver  maple  and  sweet-gimi  all  suflfer  more  or  less 
from  their  attacks.  Like  the  common  May-bug,  this  beautiful 
creature  is  attracted  by  light,  and  often  flies  into  ligHted  rooms 
in  summer  evenings,  dashing  against  everything  it  meets  with, 
to  the  great  alarm  of  nervous  inmates.  In  some  seasons  they 
are  comparatively  common,  and  may  then  be  readily  cajitured  by 
shaking  the  trees  on  which  they  are  lodged  in  the  daytime,  when 
they  do  not  attempt  to  fly,  but  fall  at  once  to  the  ground. 

The  beetle  is  short  lived.    The  female  deposits  her  eggs  in 
the  ground  at  varying  depths  during  the  latter  part  of  June,  and. 


Fig.  102.— CotA'pA  latjigera,  adult  and  larva.— After  Division  of  Bntomolo^^y, 
U.  8.  Department  of  A^ ricaltnre. 


having  thus  provided  for  the  continuance  of  her  species,  dies. 
The  lives  of  the  males  are  of  still  shorter  duration.  The  eggs  are 
laid  during  the  night,  the  whole  number  probably  not  exceeding 
twenty.  They  are  very  large  for  the  size  of  the  beetle,  being 
nearly  one-tenth  of  an  inch  in  length,  of  a  long,  ovoid  form,  and 
.a  white,  translucent  appearance. 

"In  about  three  weeks  the  young  larva  is  hatched ;  it  is  of  a 
dull-white  color,  with  a  polished  homy  head  of  a  yellowish- 
brown,  feet  of  the  same  hue,  and  the  extremity  of  the  abdomen 
lead-color.     The  mature  larva    (Fig.    102)    is  a  thick,   whitish, 
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fleshy  grub,  very  similar  in  appearance  to  that  of  the  May-bug, 
which  is  familiarly  known  as  the  "white  grub."  It  lives  in  the 
ground,  and  feeds  on  the  roots  of  planfts,  and  is  thus  sometimes 
very  destructive  to  strawberry  plants.  It  is  said  that  the  larva 
is  three  years  in  reaching  its  full  growth ;  finally,  it  matures  in 
the  autiunn,  and  late  in  Ithe  same  season,  or  early  in  the  follow- 
ing spring  changes  to  a  beetle." 

Among  the  Rhinoceros-beetles  we  have  in  Minnesota  a 
number  of  species  which  do  not  possess  a  shape  that  is  in  the  least 
like  the  one  giving  name  to  this  group  of  beetles.  Yet  a  few  of 
them  should  be  mentioned,  as  /they  are  frequently  sent  to  the 
office  of  the  entomologist  to  be  identified. 


Pig.  103.— Cha/epas  trtLchypygua,  Burm.— After  Division  of  Bntomologj,  U.  S. 
Department  of  Apiculture. 


It  is  well  known  that  old  manure  harbors  many  grubs  that 
look  very  much  like  those  producing  the  May-beetles.  Yet  they 
are  mostly  of  an  entirely  differen't  character,  as  they  change  into 
black,  polished  beetles  (Fig.  103),  with  faint  longitudinal  striae 
upon  their  wing-covers.  Such  beetles  have  received  the  scien- 
tific name  of  C  hale  pus  trachypygus  Burm.  The  insects  are  harm- 
less in  Minnesota,  notwithstanding  their  resemblance  to  the  com- 
mon white  grub  in  the  larval  stage,  and  there  is  no  danger  in 
using  the  material,  in  which  they  thrive,  upon  lawns  and  in 
gardens. 

Such  good  words  can  not  be  said  abouf  similar  beetles  of  a 
dark  brown  color  that  are  fairly  common  wJth  us.  Two  species 
of  Ligyrus  are  rather  common  in  Minnesota,  and  a  third,  the 
Aphonus  tridentatus  Say,  is  also  found  in  some  numbers  in  cer- 
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"lain  seasons  and  localities.  The  "Sugar-cane  Beetle"  {Ligyrus 
rugiceps  Lee.)  sometimes  causes  considerable  injury  to  sugar- 
cane and  corn  in  the  Southern  States.  It  is  shown  in  Fig.  104. 
L.  relictus  Say  is  exceedingly  common  in  many  places.  Its  larva 
feeds  in  rotten  manure,  and  is  frequently  used  as  bait  for  fish. 

In  British  Guinea  beetles  similar  to  the  Chalepus  mentiond 
above  were  so  common  near  the  fields  of  sugar-cane  that  it  was 
a  punishment  to  sleep  near  fires  started  to  keep  away  the 
mosquitoes,  and  it  was  frequently  a  question  which  of  the  two 


*   ! 


Fij?.   X04». — I^Jgjras  rugiceps,   Lcc— After  Division   of   Bntomoloiry.   U.   S.   De- 
partxnesit  of  Agrlcnlttire. 
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insects  deserved  the  prize  for  being  the  greatest  tormentor.  Not 
that  the  beetles  would  bite,  but  they  would  crawl  all  over'  a  per- 
son, and  as  their  feet  were  not  clad  in  slippers,  but  were  shod 
with  long  nails  in  the  form  of  sharp  spines,  their  presence  was 
far  from  being  pleasant,  especially  as  they  were  "thick  as  bees." 
Among  the  members  of  the  Rhinoceros-beetles  one  species 
should  be  mentioned,  as  it  is  the  largest  of  our  American  beetles ; 
it  is  well  named  the  Rhinoceros-beetle,  {Dynastes  tityus  Linn.), 
as  may  be  seen  in  the  illustration  (Fig.  105).     The  larva  of  this 


FiK.  105.— Dynastes   titjua,   Linn.     After  Division   of   Bntomclogy.    U.  S.  De 
partment  of  Agricultare. 

giant  feeds  in  the  roots  of  decaying  trees,  preferring  old  cherry- 
stumps.  The  ash  furnishes  food  for  several  allied  but  smaller 
species,  both  for  the  adult  beetles  and  for  their  larvae.  In  the 
South,  where  such  bad-smelling  beetles  are  fairly  common,  some- 
times very  much  so,  they  may  be  attracted  by  bruising  willows 
or  other  plants,  and  there  the  adults  congregate  to  lap  the  sap. 
It  is  only  the  male  that  possesses  such  horns,  which  are  simply 
ornamental,  and  not  useful,  as  poorly  fed  larvae  produce  males 
with  very  short  horns.  Notwithstanding  the  threatening  aspect 
of  these  nocturnal  beetles  they  are  entirely  harmless. 
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Attiong  the  Flower-beetles^  so  called  because  many  of  them 
feed  upon  the  pollen  of  flowers  which  they  visit  for  this  purpose, 
are  many  enemies  to  our  trees.  Yet  they  are  not  always  in- 
jurious in  eating  the  pollen,  as  a  number  of  them  repay  any 
small  damage  they  may  cause  by  poUenizing  the  flowers  visited. 
Of  course  if  they  also  eat  ripe  fruits*  com  in  milk,  or  other  useful 
substances,  they  become  troublesome.  Most  of  these  fairly  large 
and  frequently  brightly  colored  beetles  are  flattened  or  nearly 
level  on  the  back ;  the  claws  of  the  tarsi  are  of  equal  size. 

THE  SOUTHERN  JUNE-BEETLE,  OR  FIG-EATER. 

(Allorhina  nitida  Linn.). 
This  beetle,  luckily  not  found  in  Minnesota,  but  occurring 
not  far  from  our  southern  borders,  is  a  good-sized  insect,  an  inch 


Fig.  106.— i4//or/i/na     nitida,   Linn.— After   Division  o*    Entomology.  U.   S.    Dc- 
fMrtment  of  Agriculture. 

or  more  in  length,  which  during  the  day  flies  about  with  a  buz- 
zing sound  like  that  of  a  bumble-bee,  and  like  it  usually  close  to 
the  ground,  excepting  when  invited  by  ripe  fruit  in  the  trees.  It 
is  somewhat  pointed  in  front,  of  a  velvety-green  color,  with  the 
sides  of  thorax  and  head  brownish-yellow.  The  under  side  is 
not  velvety,  but  is  polished  meftallic-green,  like  the  entire  head, 
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or  is  dark  brown  with  a  metallic-green  tinge.  The  thighs  of  the 
legs  are  yellowish-brown.  The  beetle  varies  greatly  in  size  and 
coloration ;  some  measure  not  much  more  than  half  an  inch, 
and  some  are  also  almost  entirely  dull  brown  with  simply  one  or 
two  broad  longitudinal  stripes  of  green  upon  "their  elytra.  The 
insect  is  illustrated  in  (Fig.  io6),  which  also  shows  the  peculiar 
shape  and  sculpture  of  the  head. 


Pig.  107. — Cctonia,   and  larva  traveliag  on  back. 

These  beetles  are  very  common  in  the  South,  and  cause  con- 
siderable damage.  Their  larvae  are  found  in  richly  manured  soil 
where  they  feed  upon  decaying  vegetable  matter,  and  not  upon 
the  roots  of  living  plants.  They  are  large  white  grubs,  tougher 
than  most  of  those  of  the  common  May-beetles,  very  hairy,  with 
short  legs,  which  forces  them  to  travel  on  their  backs  instead  of 
their  legs  when  removed  from  their  burrows.  To  enable  them 
to  travel  in  such  a  ridiculous  manner  they  possess  stiflf  bristles 
upon  their  backs,  which  propel  them  with  ease  and  rapidity  even 
over  smooth  ground.     If  put  upon  a  table  in  the  normal  position, 
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they  immediately  turn  upon  their  backs,  and  by  the  alftemate 
contractions  and  expansions  of  their  body  segments  they  wriggle 
away  in  a  straight  line.     This  is  also  shown  in  Fig.  107. 

Remedies  against  the  adults  are  of  little  avail.  Prof.  Smith 
says  that  a  heavy  top  dressing  of  kainit  and  tobacco  has  proved 
to  be  as  effective  as  anything  in  dealing  with  the  larvae  in  the 
ground.  If  the  trouble  is  only  local,  for  instance  if  only  small 
lawns  are  injured  by  their  presence,  kerosene  emulsion,  diluted 
ten  times  with  water,  and  then  washed  into  the  soil  by  frequent 
waterings  or  by  rain,  has  proved  eflfective.  This  remedy  has 
been  very  successfully  applied  in  Washington.  But  as  the  larvae 
feed  upon  decaying  vegetable  matter,  or  only  in  soils  richly 
manured,  their  presence  in  large  numbers  is  only  injurious  in  dry 
weather,  since  the  burrows  made  by  them  have  'the  influence  of 
dr3nng  the  soil  very  rapidly.  During  a  wet  season  the  damage 
they  cause  is  very  slight,  and  many  such  grubs  may  be  in  a 
lawn  without  in  any  way  revealing  their  presence.  The  insect 
is  injurious  only  in  the  winged  stage,  and  very  decidedly  so  if 
at  all  numerous. 

The  genus  Euphoria  represents  the  more  typical  flower- 
beetles,  which  are  dis^tinguished  by  the  margin  of  each  wing-cover 
having  near  its  base  a  large  wavy  indentation,  which  enables 
these  sun-loving  insects  to  expand  their  true  wings  very  rapidly, 
hence  they  can  fly  as  soon  as  they  wish,  without  any  long  prepara- 
tion, which  is  necessary  in  other  cases  described  before.  The 
mouth  of  such  beetles  is  provided  with  a  brush  for  sucking  pollen. 
A  number  of  such  beetles  are  found  in  Minnesota,  but  only  one  is 
very  common  and  decidedly  injurious. 

THE  INDIAN   CETONIA. 

(Euphoria  inda  Linn.) 

This  is  a  yellowish-brown  beetle,  having  the  wing-cov«rs 
covered  all  over  with  small  and  irregular  black  spots,  which  in 
some  well-marked  specimens  form  confused  bands  across  the 
wing-cases.     The  whole  insect  is  covered  more  or  less  densely 
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with  short,  fox-colored  hairs.  The  under  side  of  tht 
black,  and  also  hairy ;  the  legs  are  dull  black.  The  spec 
greatly  in  color  and  markings;  when  quite  fresh,  espe< 
in  summer,  they  are  very  much  brighter  than  early  i 
after  hibernating  all  winter  in  the  ground. 

These  beetles  are  the  earliest  and  latest  of  our  flowc 

»'**  ^.    '  In  spring,  long  before  vegetation  has  started,  they  mai 

,  flying  along  close  to  the  ground,  with  a  loud,  hummir 

Moist  spots,  especially  near  fresh  manure,  are  frequent 

'    /  by  them.     During  the  early  summer  none  are  seen, 

'  they  again  become  numerous,  and  now  they  frequent  th 

,  of  thistles  in  great  numbers.     This  would  not  constitute 

'  but  these  beetles  are  also  very  fond  of  both  tassels  and  ^ 

of  com  plants,  and  equally  so  of  the  young  corn  sti 

milk,  from  w^hich  they  suck  the  juice.     Still  later  they  ii 

ripening  fruits  of  all  kinds,  and  burrow  in  them  almc 

middle,  as  can  be  seen  in  the  illustration,  (Fig.  io8.  Plat 

this  manner  they  destroy  ripe  apples,  pears,  peaches  an< 

and  if  they  do  not  actually  eat  these  substances  entirel; 

least  cause  decay.     Fruit  left  to  dry  is  frequently  inv 

injured  by  them.     The  normal  food  consists  of  the  s 

which  exudes  from  bniised  and  wounded  trees*  and  it  i 

common  to  see  them  swarm  about  a  bleeding  tree  as 

swarm  of  bees.     They  are  very  active  and  fly  almost  s 

as  the  tiger-beetles;    they  are  also  very  strong,  and  it 

impossible  to  hold  them  between  the  fingers,  excepting 

such  force  as  to  crush  them. 

Many  years  ago,  when  engaged  by  Dr.  Le  Baron 

illustrations  of  beetles  for  him  under  the  direction  of  Pr 

-■     .  the  writer  had  collected  many  balls  of  the  common  tui 

•  so  as  to  obtain  its  eggs  and  larvae.     Incidentally  a  white 

added  to  these  balls,  which  were  kept  in  a  tin  box,  ai 

found  that  this  larva  ate  into  such  balls.     The  larva  tra 

•      *  into  the  beetle  under  discussion. 

.   ^.  When  the  beetles  fly  abotft  in  search  of  places  in 

.    "  deposit  their  e^gs,  they  may  be  seen  in  large  numbers 
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over  refuse  heaps  coming  from  the  kitcTien.  Here  at  the  Experi- 
ment Station  spoiled  melons,  potatoes  and  similar  substances  aVe 
carted  away  to  a  low  place  in  the  adjoining  fields,  where  they 
decompose.  This  is  the  headquarter  for  such  beetles  and  the 
ground  is  crowded  with  their  larvae.  As  there  is  no  vegetation 
growing  in  these  places  the  larvae  evidently  feed  only  upon  such 
decaying  material.  These,  as  well  as  those  mentioned  before  as 
feeding  in  old  manure,  are  almost  entirely  used  for  bait  by  the 
young  fishermen  living  in  the  vicinity  of  our  numerous  northern 
,  lakes ;  they  use  them  simply  because  in  such  places  the  angle- 
worms have  not  yet  been  introduced. 


^g,  109. — Euphoria  inda,  Linn.— After  Division  of  Entomology.  V.   S.   Dcpart- 
ment  of  Agricnlture. 


The  larva  of  the  £.  inda  is  more  robust  than  the  common 
white  grub,  especially  the  abdominal  segments.  Mandibles  and 
legs  are  short,  the  spiracles  are  prominent,  and  there  is  a  yellow 
plate  on  the  side  of  the  first  thoracic  segment.  These  larvae  also 
travel  upon  their  backs  with  great  ease,  but  not  so  swiftly  as 
those  of  the  Fig-eaters.  The  different  stages  of  this  noxious 
beetle  are  given  in  the  illustration  (Fig.  109). 


THE  MEr.ANCUOLV  CETOXrA. 

{Euphoria  melancholicsi  Gory). 

This  beetle  is  a  little  smaller  than  the  one- just  described,  and 
is  dark  brown,  almost  black,  with  wavy  impressed  lines  across 
the  wing-covers,  which  are  made  prominent  by  being  filled  with 
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white  scales.  The  insect  looks  polished  and  a  little  metalhct  and 
has  only  the  thorax  covered  with  fine  hairs,  barely  visible  except 
in  certain  lights.  It  is  not  nearly  so  numerous,  but  otherwise  has 
sirnilar  habits  as  E,  inda.  It  is  most  frequently  found  in  flow- 
ers. In  the  South,  where  it  is  much  more  common,  it  is  often 
found  about  the  holes  made  by  the  boll-worms  in  cotton-bolls, 
evidently  enjoying  the  exuding  sap.  The  beetle  looks  similar 
to  the  one  illustrated  in  Fig.  107,  but  is  also  illustrated  in 
Fig.  no. 


Fig.  110. — Eupboriame-  Fig.  111.  —  Osmodermu  Fig.  112.— Oamodcrma  scm 
iMacboiicM, Gory. -After  eremicota,Knoch.~ After  bra,,  Bcauv. — After  Harrii. 
^tiiHJers.  Harris. 


A  number  of  other  species  of  this  interesting  genus  of 
bedtles  occur  only  in  the  nests  of  ants.  It  is  difficult  to  account 
for  their  presence,  but  it  is  believed  that  their  larvae  are  beneficial 
to  the  colony  of  ants  by  cutting  up  the  wood  and  roots  found  in  the 
lower  parts  of  the  nest.  They  may,  perhaps,  also  secrete  some 
sweet  liquid,  used  by  the  ants  as  food.  At  least  some  closely 
allied  beetles,  belonging  also  to  the  flower-beetles,  to  the  genus 
Cremastochilus,  are  known  to  furnish  food  to  the  ants,  hence  are 
protected  by  them. 

THE   HERMIT  FLOWER-BEETLES. 

(Osmoderma  eremicola  Knoch). 

This  and  the  closely  allied  Rough  Flower-beetle  (0. 
scabra  Beauv.),  are  rather  large  insects  measuring  an  inch  or  more 
in  length,  the  former  species  being  the  largest.    Both  species  arc 
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fairly  common  in  Minnesota,  and  are  frequently  received  by  the 
entomologist  to  name  them  and  describe  their  habits.  The  former, 
( ercfnicola) ,  is  a  flat,  deep  mahogany-brown  beetle,  nearly  smooth 
and  highly  polished.  The  latter,  (scabra),  is  purplish-black,  and 
has  the  wing-covers  roughened  with  irregular  and  coarsely  punc- 
tured striae;  it  has  a  bronzed  appearance.  Roth  beetles  are  noc- 
turnal in  their  habits  and  hide  during  the  day  near  the  base  of 
trees.  Though  not  frequently  seen  they  are  common  enough. 
The  insects  feed  upon  the  sap  of  injured  trees,  but  have  also  been 
seen  enjoying  a  ripe  apple.  Fig.  i  lo  shows  0.  crcinicola  and  Fig. 
112.  O.  scabra. 

The  larvse  of  both  species  live  in  the  decaying  wood  of  the 
apple,  as  well  as  that  of  the  cherry  and  other  trees;  here  they 
consume  the  wood  and  induce  more  rapid  decay.  The  larva  is  a 
large,  fleshy  "white  grub"»  with  a  hard  and  reddish  head  and 
horny  scales  on  the  prothorax.  When  mature,  late  in  autumn, 
each  larva  forms  for  itself  an  oval  cell  of  the  fragments  of  wood, 
which  are  cemented  together  with  a  glutinous  material  so  as  to 
be  water  proof.  Inside  this  cocoon  it  undergoes  its  transforma- 
tions, appearing  as  a  beetle  during  the  month  of  July,  August,  or 
early  September.  Frequently  a  number  of  such  larvae  are  found 
together. in  the  same  place,  and  in  this  case  they  can  cause  con- 
siderable injury. 

Some  closely  allied  beodcs  are  also  lovers  of  fruit  and 
flowers,  but  cause  no  damage.  The  peculiarly  marked  Gnorimus 
maculaius  Knoch  was  once  found  in  large  numbers  eating  the 
riowers  of  the  shadberry,  a  plant  frequently  grown  not  only  for 
ornamental  purposes  but  also  on  acount  of  its  pleasantly  flavored 
fruit.  Several  species  of  a  still  smaller  species  of  flower-beetles 
belonging  to  the  genus  of  Tricltius  are  very  fond  of  flowers,  and 
especially  so  of  the  rose ;  here  they  sometimes  cause  much  injury 
by  eating  lx)th  pollen  and  petals.  They  are  diurnal  in  their  habits, 
and  are  readily  detected  in  such  flowers.  Some  of  these  beetles 
are  very  pretty,  of  a  brown,  black,  dark  blue,  or  even  metallic 
green  color,  marked  with  white  lines,  ajid  an  abundance  of  soft 
hairs,  as  may  be  seen  in  Fig.  t  13.  Plate  VI. 


Digitized  by  VjOOQIC 


190 


LAMELLICORN-BEETLES. 


.j«4 


ilS. 


« 


The  vegetable- feeding  lamellicorn  beetles  conltain  n 
beneficial  insects,  but  a  number  of  more  or  less  injuri 
causing,  generally  speaking,  but  slight  losses.  But  moj 
larvae  are  decidedly  injurious,  and  all  are  similar  in  sh: 
well  known  "white  grubs".     Prof.  Smith  writes  that: 

'Taken  as  a  whole,  the  lamellicorns  contain  no  din 
eficial  insects,  and  the  white-grub  larvae  are  in  many 
jurious  when  they  feed  on  the  roots  of  cultivated  plantJ 
a  variety  of  cultivated  crops  follow  each  other,  ther 
chance  for  their  excessive  development,  and  frequen 
is  therefore  indicated,  with  as  short  a  period  in  grass  a 
As  the  beetles  in  most  cases  appear  in  spring,  and  ovipc 
May'or  in  June,  land  bare  at  that  time  will  probably  esc 
sowing  of  crimson  clover,  to  be  turned  under  by  the 
May  or  before,  will  in  some  cases  protect  the  land  an* 
green  manure  if  required;  or  it  may  be  allowed  to  rei 
mature  to  make  hay,  and,  if  then  ploughed  and  put  int 
or  some  crop  which  the  white  grubs  do  not  attack,  such « 
in  "the  ground  wmII  be  starved  out.  Where  white  grubs  i 
ant,  strawberries  should  not  follow  sod  or  other  grass 
rectly,  and  the  beds  should  be  kept  clean,  at  least  th 
second  year.  Where  the  culprits  are  species  of  Lac 
fall  ploughing  is  indicated,  since  this  will  turn  out 
formed  beetles  at  an  unseasonable  period,  and  will  c 
death  in  most  cases". 


F.  PI.ANT-EATERS. 


( Phytophaga  ] 


We  now  reach  the  large  series  of  beetles  which  bel 
Phytophaga  or  Plant-eaters,  beetles  distinguished  by 
and  thread-like  feelers,  and  which  possess  apparently  fc 
tarsi,  with  the  third  joint  deeply  lobed.  This  series  oi 
less  injurious  beetles  is  divided  into  two  families,  the 
cidae  or  Long-horned  Beetles,  (Bock-kaefer  of  the  Gem 
the  Chrysomelidae,  or  Leaf-beetles. 


Digitized  by  VjOOQIC 


IX)NG  HORNED  BEETLES.  191 

ThtTe  is  still  another  small  family  of  ])eetles  that  is  located 
between  the  lamellicorns  and  the  true  cerambycids.  It  is  the 
family  Spondylidae,  composed  of  but  a  few  species  of  beetles. 
One  of  them  is  very  common  in  Minnesota,  especially  under  the 
bark  of  pine  trees.  It  is  the  Brown  Parandilv,  (Parandra 
brunnea  Fab.),  an  insect  of  a  mahogany-brown  color,  highly  pol- 
ished, with  short  feelers,  which  have  deep  impressions  in  which 
are  situated  'the  organs  of  special  sense.  It  is  shown  in  (Fig. 
114.  Plate  IV). 

FAMILY    LONG-HORNS. 

{Cerantbycidae). 

This  large  family  contains  about  six  hundred  described 
species  in  North  America  alone.  The  beetles  composing  it  are  of 
medium  or  large  size,  graceful  in  form,  and  some  are  very  beau- 
tiful in  color  and  markings.  Their  body  is  oblong,  often  cylin- 
drical, with  a  vertical,  broad  head  armed  with  large  mandibles. 
The  eyes  are  peculiar,  being  hollowed  out  {lunate)  on  the  inner 
side,  with  the  feelers  implanted  in  the  hollows;  the  latter  are 
long,  sometimes  longer  than  the  whole  body,  tapering  towards 
the  tip,  especially  in  the  males,  and  are,  with  the  exception  of  the 
Prionidae,  compostA  of  eleven  joints.  Their  legs  are  also  usually 
very  long,  and  the  joints  of  the  tarsi,  with  long  claws,  are  well 
adapted  to  anchor  them  safely  upon  the  trees  on  which  they  hide 
and  feed.  Nearly  all  long-horns  can  run  and  fly  with  almost 
equal  ease,  bitt  some  species  living  in  the  Western  treeless  prairies 
possess  no  true  wings.  As  a  general  rule,  however,  these  beetles 
depend  more  upon  hiding  for  their  safety  than  upon  running  or 
flying,  and  in  many  cases  their  colors  and  markings  blend  ex- 
ceedingly well  with  the  objects  upon  which  they  rest.  When 
held  between  the  fingers  some  of  them  can  produce  a  sort  of  in- 
dignant squeaking  by  rubbing  together  the  prothorax  and  meso- 
thorax;  but  sc^me  of  them  also  produce  this  sound,  stridulation, 
to  call  their  mates. 

The  larvae  are  borers,  living  in  the  solid  parts  of  trees  and 
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shrubs,  or  beneath  the  bark.  They  are  white  or  yellowish,  with 
a  soft  body,  in  which  the  joints  are  well  separated  by  deep  in- 
cisions, and  which  tapers  slightly  from  head  to  tail.  The  first 
joints  are  usually  enlarged  and  hammer-shaped,  and  covered  with 
a  horny  plate,  but  are  not  flattened  as  are  those  of  the  "saw- 
homed  borers"  already  described.  Some  larvae  possess  the  usual 
number  of  very  small  thoracic  legs,  but  the  majority  have  no  legs 
a't  all,  and  move  up  and  down  in  their  burrows  by  alternate  con- 
tractions and  extensions  of  the  body,  or  by  means  of  peculiar 
projections  or  hunches  on  the  segments.  Many  of  them  keep  one 
end  of  their  burow  open,  through  which  they  push  out  the  frass, 
(chips  and  castings),  and  their  presence  is  often  detected  by  the 
little  heaps  of  sawdust  on  the  bark  or  beneath  it  on  the  ground; 
others  are,  however,  entirely  enclosed  in  their  burrows,  leaving 
the  frass  in  a  compact  mass  behind  them  as  they  extend  their 
burrows  in  front. 

In  contradiction  to  the  "saw-homed"  or  "flat-headed  borers" 
they  are  frequently  called  "hammer-headed  borers,"  or  "round 
headed  borers".  All  these  larvae  possess  powerful  jaws  which 
enable  them  to  chew  food  composed  of  the  hardest  wood.  After 
passing  one,  two,  or  three  years  in  the  larval  state  they  transform 
to  pupae  inside  the  burrows,  and  soon  afterwards  change  to  the 
adult  beetles.  Before  changing  to  a  pupa  the  larva  in  many 
cases  transforms  a  portion  of  the  long  burrow  into  a  pupal  cham- 
ber by  means  of  a  plug  of  chips.  With  few  exceptions  such  larvae 
attack  only  dead  or  dying  trees,  or  plants  weakened  in  some  way, 
perhaps  by  fire,  by  transplanting,  by  pruning,  by  storms,  or  by  in- 
sects belonging  to  other  families  of  beetles. 

This  extensive  family  is  divided  into  three  sub-families, 
which  are  separated  as  follows : 
A.     Sides  of  the  prothorax  with  a  sharp  margin Prioninae. 

A.  A.    Prothorax  not  margined. 

B.  Front  tibiae  not  grooved;  palpi  never  acute  at  tip.  .Ceramby- 
cinae. 

B.  B.    Front  tibiae  obliquely  grooved  on  the  inner  side : 

palpi  with  the  last  segment  cylindrical  and  pointed.  Laminiae 
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The  PRION  IDS  (Priotiinae)  are  large,  sometimes  very  large 
beetles.  They  have  the  sides  of  the  prothorax  prolonged  out- 
wards into  a  thin,  more  or  less  toothed  margin.  The  wing-covers 
ar«  usually  leathery  in  appearance,  and  of  a  brownish  or  blackish 
color. 

THIi  HKOAD-NECKED  I'RIONUS. 

{Prionus  laticollis  Drury). 

This  gigantic  borer,  not  uncommon  in  our  state,  measures 
m  the  larval  stage  from  two  and  a  half  to  three  inches  in  length ; 
it  is  of  a  yellowish-white  color,  with  a  small,  homy,  reddish- 
brown  head,  to  which  are  fastened  exceedingly  dark  and  hard, 
jaws ;  a  bluish  line  marks  the  center  of  the  back.  This  large  grub 
cuts  a  cylindrical  hole  a  little  below  the  surface  of  the  ground, 
into  the  roots  of  plants,  such  as  the  g^ape-vine,  blackberry,  oak, 
cherry,  and  apple.  If  the  root  is  small,  barely  large  enough  to 
contain  the  larvae,  nothing  but  a  thin  skin  of  bark  is  left  to  hide 
the  intruder.  The  same  larva  is  sometimes  also  found  in  open  prai- 
ries away  from  other  roots  than  those  of  the  plants  growing  in 
such  places.  In  such  cases  the  borer  is  an  external  feeder,  but 
it  never  grows  to  the  formidable  size  of  others  feeding  inside  of 
roots,  and  as  a  consequence  the  adult  beetle  of  this  form  found 
in  prairies  are  much  smaller,  and  of  a  very  much  lighter  color. 
The  larva  feeds  for  about  three  years,  when  it  changes  toward 
the  end  of  June  to  a  pupa  within  the  root  it  had  occupied.  Of 
course  where  such  borers  abound  the  injury  is  gjeat,  and  if  a  tree 
is  badly  infested  nothing  remains  but  to  dig  it  out  and  burn  it. 
Even  large  trees  can  be  killed  by  such  borers;  the  grape  and 
apple  seem  to  be  able  to  stand  the  injury  better  than  other  plants, 
but  they  also  suffer  very  much,  even  if  not  killed  outright.  In 
berry  patches  infested  with  such  insects  a  sudden  wilting  of  the 
plants  in  a  hill,  or  part  of  a  hill,  indicates  their  presence*  and 
steps  should  at  once  be  taken  to  find  and  destroy  them. 

The  beetles,  which  vary  in  length  from  less  than  one  inch  to 
two  inches,  and  even  more,  are  of  a  pitchy-black  color;  in  the 
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prairie  forms  they  are  sometimes  yellowish-brown.  They  possess 
powerful  jaws ;  the  twelve-jointed  feelers  are  in  the  female  rather 
slender,  in  the  male  longer,  stouter  and  toothed;  the  thorax  is 
short  and  wide,  armed  at  the  sides  with  three  teeth.  The  leathery 
wing-covers  have  three  slightly  elevated  lines  each,  and  are 
thickly  punctuate.  The  female  is  a  rather  bulky  beetle,  the  male 
much  smaller  with  a  shorter  body.  The  illustration,  (Fig.  115), 
shows  this  beetle  in  its  various  stages,  and  Fig.  116,  Plate  VI  one 
still  in  its  burrow  but  ready  to  leave. 


Pig.  115.— Prioflus  laticollia,  Drury.— After  Riley. 

Another  species  (P,  imbricornis  Linn.),  or  the  "Tile-horned 
Prionus,"  is  also  found  in  Minnesota;  it  is  similar  to  fthe  one  de- 
scribed, and  has  the  same  habits,  but  is  not  so  common.  The 
early  stages  are  almost  identical  in  appearance,  but  the  tasi^ 
beetle  has  received  the  above  name  because  the  joints  ol  *^ 
feelers  overlap  one  another  like  tiles  on  a  roof.    There  is  another 
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P\fS.  117. — Prionaa  hnbricomia.  Lion  Fiji.   II714. — Phvmatodaa  amoeuua, 

Male. — After  Riley.  Say.-After  Division  of  Bntomology, 

U.  S.  Department  of  Agriculttire. 

rather  remarkable  difference  in  these  two  species,  viz. :  laticollis 
has  in  both  sexes  twelve- jointed  antennae,  while  in  imbricornis 
the  feeler  of  the  male  is  composed  of  nineteen,  that  of  the  female 
of  about  sixteen  joints.  Fig.  117  shows  the  male  of  imbricornis. 
The  Typical  Cerambycids,  (Cerambycinae)y  contain  about 
four  hundred  North  American  species,  divided  into  more  that  one 
hundred  genera. 

THE   GRAPE-VINE    PHYMATODES. 

(Phymatodes  amoenus  Say). 

This  beautiful  beetle  is  frequently  sent  to  the  entomologist 
as  being  destructive  to  the  grape-vine.  But  this  is  not  exactly 
the  case,  although  there  is  no  doubt  that  it  is  frequently  found 
about  such  plants.  But  it  only  feeds  in  its  larval  stage  in  dead 
or  dying  wood,  hence  all  vines  properly  Itrimmed  will  not  harbor 
it.  The  dead  vines  of  the  wild  grape,  however,  offer  an  excellent 
abode  for  it.  The  beetles  are  bright  blue,  with  a  yellowish-red 
thorax.  They  appear  in  spring,  and  deposit  their  eggs  in  dead  or 
dying  canes.     The  beetle  is  shown  in  Fig.  iiyyi- 

Closely  allied  species  of  Phymatodes  are  frequently  very  nu 
merous  about  cordwood;  here  they  breed  in  such  numbers  that 
the  bark  is  often  loosened  by  their  larvae,  and  slips  off  entirely 
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during  tlie  following  spring.  The  wood-men  on  that  ace 
them  "Bark-slippers."  Other  species  in  the  Southern  S 
very  apt  to  injure  tan-bark.  Trees  cut  in  summer  or 
autumn,  after  the  beetles  have  disappeared,  are  not  atti 
them  in  the  following  season,  and  escape  injury. 


»i< 


Fig.  118. — Hytotrupes  bajutus,  Linn. — After  Brehm. 


Hylotrupes  bajulus  Linn.,  a  beetle  very  similar  in  fo 
species  of  Phymatodes,  is  shown  in  Fig.  n8;  it  is  one  o 
longicorn  beetles  that  burrow  in  the  larval  state  in  de 
even  after  it  has  been  used  for  building  purposes. 


THE  BELTED  HICKORY-UORER. 


{Chion  cinctus  Drury). 


This  common  beetle,  (Fig.  119),  distinguished 
narrow  wing-covers,  which  are  armed  with  two  little  t 
ward  the  tips,  is  of  a  hazel  color,  with  a  tint  of  gray  pre 
the  shor't  hairs  covering  it ;  it  is  also  marked  by  an  obliq 
yellow  band  across  each  wing-cover,  not  always  present. 
The  thorax  is  armed  wMth  a  short  spine  on  each  side.    T 
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of  the  male  are  more  than  twice  the  length  of  the  body,  which 
measures  from  three-quarters  of  an  inch  to  one  and  a  quarter 
inch  in  length. 

The  larva  of  this  beetle  feeds  in  the  wood  of  hickory  and 
walnut.  Here  it  forms  long  galleries  in  the  trunk  in  the  direc- 
tion of  the  fibers  of  the  wood,  and  in  such  a  gallery  it  later  under- 
goes the  transformations  to  a  pupa  and  adult. 

Besides  the  trees  mentioned  above  as  furnishing  food  to 
these  larvae,  others  are  equally  infested,  as  the  oaks;  even  plum 
and  apple  trees  do  not  escape. 


Pig.    119.—  Chion    einctas.    Drury. —After 
Harris. 


Fi^.  1 2 1  i^.—Cyllenc  decor  as,  OIIt- 
After  Lecotite. 


OAK    PRUNEK. 

(Elaphidion  parallelnm  Newm.). 

The  name  "oak-pruner"  does  not  mean  that  the  larvae  of 
these  destructive  beetles  devote  all  their  attention  to  oaks;  they 
are  also  found  in  the  apple,  hickory,  cherry,  and  other  trees.  The 
name  "pruner"  is  very  descriptive  as  the  larvae,  when  nearly  full- 
grown,  girdle  the  twigs  and  branches  inhabited  by  them  from  the 
inside,  not  the  outside,  so  that  the  fir^t  high  wind  of  autumn  and 
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early  winter  breaks  them  off,  dropping  twig  and  lar 
ground.  To  girdle  a  twig  from  the  inside  is  a  nice  tri< 
is  difficult  to  explain  how  the  larva  succeeds  in  perfo 
When  we  look  at  one  of  the  squarely  cut  off  twigs  w 
tect  that  it  has  been  cut  in  a  spiral  manner.  The  purpo 
ting  them  off  seems  to  be  plain,  being  done  to  prevenft  tl 
of  the  wood»  which  in  contact  with  the  ground  and  cov 
snow  during  the  winter,  is  not  apt  to  become  itoo  dry  f 
quirements  of  the  enclosed  insect.  In  such  burrows 
made  in  the  tips  of  twigs  and  smaller  branches,  the  larvj 
and  completes  its  "transfortnation  in  the  month  of  Jun 
following. 

Under  infested  trees  we  can  find  such  fallen  twigj 
numbers  during  the  fall,  and  as  they  contain  the  culpr 
course  very  simple  to  gather  and  burn  them.  These  ir 
however,  ndt  an  unalloyed  evil,  as  they  tend  to  make  < 
trees  near  the  house  much  denser  by  forcing  the  plant  t( 
a  number  of  small  twigs  instead  of  a  few  large  ones. 

The  insect  also  attacks  the  wood  of  young  shoots, 
if  these  should  have  been  injured  by  fire,  or  by  the  tra 
calttle.  The  writer  has  seen  an  extreme  case,  in  which 
sects  in  less  than  five  years  destroyed  all  the  young  § 
trees  over  an  area  of  several  hundred  acres.  In  this 
land  was  covered  with  a  very  dense  growth  of  black 
lars,  hazel  and  other  plants.  As  soon  as  cattle  were  pei 
force  their  way  through  this  tangle  of  small  trees  to  res 
surrounded  with  pastures,  narrow  cattle  paths  were  fin 
which  soon  widened  to  broad  avenues,  as  the  bruised 
vited  destruction  by  all  kinds  of  insects,  but  especially 
pruners.  Their  presence  could  easily  be  detected  by  tfic 
the  whole  ground  was  covered  quite  deep  with  prun 
Five  years  later  only  a  few  stumps  of  the  larger  trees, 
exception  of  some  few  poplars  and  willows  that  sprang  u 
•  as  the  oaks  disappeared,  remained. 

The  adult  beetles  are  very  elongated,  brown,  cover 
whitish,  mottled  pubescence ;  they  have  long  and  rather 
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lennae,  which  in  some  species  are  armed  with  horns ;  their  narrow 
wing-covers  possess  two  smaller  pointed  projections  at  their  pos- 
terior extremity,  one  on  each  side. 

A  number  of  species  occur,  all  similar  in  general  appearance 
and  habits.  The  Parallel  Elaphidion  (£.  parallelum  Newm.), 
is  the  most  common  one.  The  female  lays  eggs  near  the  axil  of 
one  of  the  leaf  buds,  where  the  young  larva  also  enters  the  twig, 
enlarging  the  channel  as  it  increases  in  size. 

The  ArPLE-TREE  Pruner,  (£.  villosum  Fab.),  is  very  sim- 
ilar in  general  appearances.  The  feelers  of  the  male  are  longer 
than  the  body,  which  is  covered  with  short  grayish  hairs,  which 
in  some  places  are  crowded  together  on  the  thorax  and  elytra, 
forming  pale  spots-  The  under  side  of  the  body  is  chestnut- 
brown.  Prof.  Saunders  describes  the  hatits  of  this  species  of 
beetle  as  follows : 

**The  peculiar  habits  and  instincts  of  this  insect  are  very 
interesting.  The  parent  beetle  places  an  egg  in  the  axil  of  a  leaf 
on  a  fresh  green  twig  proceeding  from  a  moderate  sized  limb. 
When  the  young  larva  ha'tches,  it  burrows  into  the  center  of  the 
twig,  and  down  towards  its  base,  consuming  in  its  course  the  soft 
pulpy  matter  of  which  this  part  of  the  twig  is  composed.  By 
the  time  it  reaches  the  main  limb,  it  has  become  sufficiently  ma- 
tured to  be  able  to  feed  upon  the  harder  wood,  and  makes  its 
way  into  the  branch,  when  the  hollow  twig  is  vacated,  grad: 
ually  withers,  and  drops  off.  The  larva,  being  now  about  half 
grown,  eats  its  way  a  short  distance  through  the  middle  of  the 
branch,  and  then  proceeds  deliberately  to  sever  its  connections 
with  the  tree  by  gnawing  away  the  woody  fiber  to  such  an  extent 
that  the  first  storm  of  wind  snaps  the  branch  oflf.  This  is 
rather  a  delicate  operation  for  the  insect  to  perform,  and  requires 
wonderful  instinctive  skill,  for  should  it  gnaw  away  too  much 
of  the  woody  interior  the  branch  might  break  during  the  pro- 
cess, an  accident  which  would  probably  crush  the  workman  to 
death ;  but  the  insect  rarely  miscalculates ;  it  leaves  the  bark  and 
just  enough  of  the  woody  fiber  untouched  to  sustain  the  branch 
until  it  has  time  to  make  good  its  retreat  into  the  burrow,  the 
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opening  of  which  it  carefully  stops  up  with  gnawed 
of  wood.  If  the  limb  be  short,  it  severs  all  the  w( 
leaving  it  fastened  only  by  the  bark;  if  longer  a 
woody  fibers  on  the  upper  side  are  left;  and  if  ver 
lieavy,  not  more  than  three-fourths  of  the  wood  i 
through.  Having  performed  the  operation,  and  closed 
thalt  the  jarring  of  the  branch  when  it  fall  may  not 
the  occupant,  the  larva  retreates  to  the  spot  at  which 
tered  the  limb.     After  the  branch  has  fallen  it  eats  its 
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Fig.   120.— Blaphidium    villosum.   Fab.— After    Division  of  Bnto 
Pepartment  of  Agticultnre. 


ually  through  the  center  of  the  limb  for  a  distance  ( 
to  twelve  inches,  when,  having  completed  its  growth, 
formed  to  a  pupa  within  the  enclosure.  Sometimes 
takes  place  in  the  autumn,  but  more  frequently  it  is  d 
til  the  spring,  and  from  the  pupa  the  beetle  escapes 
month  of  June. 

"The  larva,  (Fig.  120),  when  full  grown  is  a 
than  half  an  inch  long,  thickest  towards  the  head,  tap 
ually  backwards.  The  head  is  small  and  black,  bod} 
white,  with  a  ifew  indistinct  darker  markings.     It  h 


Digitized  by  VjOOQIC 


LONG   HORNED  BEETLES.  201 

minute  legs  attached  to  the  anterior  segments.  The  pupa  is  about 
the  same  size  as  the  larva,  of  a  whitish  color,  and  is  also  shown 
in  its  burrow. 

"Birds  are  active  agents  in  the  destruction  of  these  larvae; 
they  seek  them  in  their  places  of  retreat  and  devour  them.  Should 
they  a^  any  time  become  very  numerous  they  may  easily  be  dis- 
posed of  by  gathering  the  fallen  branches  and  burning  them 
before  the  insect  has  time  to  mature." 

Several  other  beetles  of  this  genus  are  also  destructive,  and 
especially  so  in  the  orange-growing  states,  where  the  Unarmed 
GiRDLER  (-E.  inerme  Newm.),  destroys  the  twigs  of  orange  trees. 
It  is  called  "unarmed"  because  the  beetle  lacks  the  two  spines 
at  the  tip  of  the  elytra.  Of  course  it  is  not  necessary  for  our 
fruit  growers  to  prepare  themselves  to  fight  this  beetle. 

THE  TWO-SPOTTED  HICKORY  BORER, 

(Tylonotus  bimaculatus  Hald.), 

This  beetle,  (Fig.  121,  Plate  V),  equal  in  size  to  the  "apple- 
tree  pnmer,"  but  broader,  is  a  rather  pretty  insect,  dark-brown. 
with  either  two  yellowish  spots  near  the  tips  of  the  elytra,  which 
are  unarmed,  or  with  four  spots,  two  of  which  form  almost  a  band 
across  the  wings.  Our  specimens  in  Minnesota  are  almost  in- 
variably four-spotted. 

The  larva  of  this  beetle  feeds  in  the  wood  of  hickory,  but- 
ternut, and  walnut,  and  is  sometimes  quite  numerous  and  corres- 
pondingly injurioys  by  destroying  the  terminal  twigs  of  such  use- 
ful trees.  It  occurs  also  under  the  bark  of  the  white  or  paper 
birch,  and  in  the  ash. 

THE  TWO-SPOTTED    MOLORCHUS. 

(Molorchus  bimaculatus  Say). 

This  peculiar  small  beetle,  about  a  third  of  an  inch  in 
length,  is  not  mentioned  because  it  is  very  destructive,  but  be- 
cause it  differs  from  nearly  all  our  longicoms  in  having  the 
wing-covers  only  half  as  long  as  the  abdomen.     It  has  a  very 
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slender  body,  black,  with  head  and  thorax  coarsely  punctured; 
each  of  the  short  wing-covers  has  a  yellowish  dash  almost  par- 
allel with  the  inner  margin ;  the  feelers  and  legs  are  brownish. 

The  larva  of  'this  beetle  has  been  found  in  hickory  twigs  and 
branches;  also  in  those  of  the  maple.  The  beetles  themselves 
are  very  active,  and  fly  about  flowering  shrubs  during  the  warm 
and  sunny  days  of  June  and  July. 

We  have  a  large  number  of  very  prettily  marked  longi- 
com  beetles  which  fly  about  during  the  day  as  actively  as  wasps, 
visiting  flowers  for  the  sake  of  their  pollen  and  honey,  and 
which  race  up  and  down  the  trees  in  which  they  were  born  or  in 
which  they  intend  to  lay  their  eggs.  Those  interested  in  flowers, 
and  especially  in  golden-rods,  must  have  seen  such  beetles,  us- 
ually of  a  dark  brown  or  almost  black  color,  marked  with  wavy 
golden-yellow  lines  across  their  wing-covers.  A  species  not 
uncommonly  found  upon  golden-rods  in  our  prairies,  away  from 
any  forests,  is  shown  in  Fig.  121^.  It  is  Cyllene  decorus  Oliv. 
Some  similar  beetles  are  very  destructive  in  their  earlier  stages, 
and  on  this  account  it  is,  or  was,  even  forbidden  to  plant  such 
trees  as  the  locust.  Maples,  ash,  hickories,  walnut,  butternut, 
and  other  trees  suffer  equally,  and  therefor  two  of  the  insedts 
will  be  described  and  illustrated. 

THE  PAINTED  HICKORY-BOKEK. 

{Cyllene  pictus  Drury). 

This  and  the  Locust-borer  (C  robiniae  Forst.),  are  very 
similar  in  size,  color  and  markings.  The  illustrations  (Figs.  122 
and  123)  on  Plate  IV  are  excellent  ones  and  were  kindly  loaned 
by  Prof.  Webster,  the  entomologist  of  Ohio. 

The  former,  (pictus),  appears  as  a  beetle  only  in  spring;  the 
latter,  (robinix),  only  towards  fall,  when  large  numbers  of  them 
may  be  collected  upon  the  flowers  of  the  beautiful  golden-rod. 
The  "painted  hickory-borer"  is  a  velvety  black  beetle,  with  nu- 
merous narrow,  pale-yellow  transverse  bands  upon  the  elytra 
and  across  the  thorax.     With  a  little  imagination  one  of  these 
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wavy  lines  looks  like  a  "W".  The  legs  are  dark-red  as  are  the 
feelers ;  in  the  **Iocust-borer"  the  yellow  color  is  darker,  and  the 
wavy  lines  are  usually  a  little  broader. 

The  larvae  of  bcth  bore  under  the  bark  of  their  respective 
food-plants,  and  later  into  the  solid  woodi  where  they  attain 
their  growth  in  less  than  a  year.  The  locust-borer  is  a  serious 
pest,  making  the  growing  of  the  sweet-scented  locust  almost  im- 
possible in  many  localities,  and  in  not  a  few  places  such  trees 
have  been  completely  destroyed.  As  soon  as  a  tree  attains  a 
moderate  size  it  is  riddled  with  the  large  holes  made  by  the  larvae, 
and  for  a  few  years  leads  but  a  sickly  life,  eventually  dying 
down  to  the  ground. 

Prof.  Packard  in  his  fine  work ;  "Insects  Injurious  to  Forest 
and  Shade  Trees"  gives  the  following  remedies  against  such  bor- 
ers as  the  robiniae ;*' An  excellent  way  to  save  a  valuable  shade  tree 
from  the  attacks  of  this  borer  is  to  thoroughly  soap  the  trunk 
late  in  August,  so  as  to  prevent  the  bedtle  from  laying  the  eggs 
early  in  September.  All  insects  breathe  through  little  holes; 
now,  if  a  film  of  soap,  or  grease,  or  oil  of  any  kind  closes  the 
openings  of  these  breathing  pores,  the  air  cannot  enter  the  res- 
piratory tubes  which  ramify  throughout  the  interior  of  the  body, 
and  the  insect  dies  by  asphixiation,  i.  e.  drowns."  Harrison 
states  that  whitewashing  and  covering  the  trunks  of  trees  with 
grafting  composition  may  prevent  the  female  from  deporting 
her  eggs  on  isolated  trees.  A  coating  of  oil,  whether  it  really 
kills  the  worms  in  the  manner  suggested  or  not,  is  an  excellent 
remedy,  as  it  is  offensive  to  the  female  beetles.  It  is  an  im- 
provement, however,  to  add  a  little  Paris-green  or  London- 
purple  which  fill  the  cracks  with  a  fine  film  of  these  poisons: 
if  eggs  are  deposited  the  larvae  hatching  from  them  will  be  pois- 
oned in  eating  their  way  into  the  wood.  To  whitewash  a  ^ree 
looks  bad,  and  moreover  is  apt  to  attract  the  beetles,  as  insects 
of  this  kind  are  attracted  to  white  objects. 

An  allied,  but  larger  species,  varying  from  velvety  brownish- 
black  and  unspotted  to  an  intense  black  beetle  with  bright  yellow 
spots,  sometimes  United  into  wavy  bands,  is  geltting  rather  corn- 
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mon  in  our  state,  where  it  infests  the  ash.  It  is  very  destructive 
when  at  all  numerous. 

A  large  number  of  smaller  but  equally  beautiful  beetles  be- 
long to  this  family.  All  are  more  or  less  injurious,  but  not  to 
fruit-prodiicing  plants,  being  most  abundant  in  evergreen  forests. 

Some  few  other  longicorn  beetles  also  belong  here,  which 
are  more  or  less  injurious  to  wild  plants.  In  places  where  the 
elderberries  are  utilized  a  most  beautiful  beetle  is  sometimes 
injurious,  because  its  larva  bores  and  feeds  in  the  pith  of  these 
plants.  The  beetle  is  quite  common  in  June  and  July,  and  is 
found  resting  upon  the  foliage,  but  is  wide  awake  and  ready 
to  seek  safety  in  flight. 

The  Elderberry  Beetle,  {Desmocerus  palliatus  Forst.),  is 
dark  blue  with  greenish  reflections.  The  basal  half  of  the  wing- 
covers  is  orange-yellow,  and  in  strong  contrast  with  the  rest  of  the 
body.  The  black  feelers  have  the  middle  joints  thickened  at  che 
outer  ends,  so  that  they  look  like  a  series  of  knots,  for  which 
reason  the  beetle  is  sometimes  called  ^'Knotty  Horn".  It  is  shown 
in  Fig.  124,  Plate  VI. 

There  is  another  large  series  of  very  beautiful  longicorn  bic- 
tles  which  are  frequently  observed,  as  they  are  visitors  to  our  flow- 
ers, in  which,  covered  with  pollen,  they  are  sometimes  barely  visi- 
ble. On  account  of  this  they  are  certainly  beneficial,  even  if  their 
larvae  burrow  into  the  wood  of  trees.  The  wild  chestnuits  in 
more  southern  regions  would  not  produce  so  many  nuts  if  their 
flowers  were  not  so  profusely  sc«nted,  thus  attracting  beetles  of 
this  kind,  which  are  not  slow  to  accept  such  invitations. 

To  show  how  at  least  one  of  these  beetles  looks,  the  des- 
cription of  Gaurotes  cyanipennis  Say,  an  insect  living  in  the  wood 
of  butternut,  is  given.  The  beetle  is  black,  tinged  with  copper; 
the  feelers  and  legs  are  reddish-brown,  and  the  elytra  are  of  a 
most  beautiful  violet,  blue  or  blueish  green  color,  and  are  highly 
polished.  It  is  shown  in  Fig.  125,  Plate  IV,  and  a  member  of  the 
genus  Strangalia  in  Fig.  126. 

Among  the  Lamiid  Longicorns  {Lainiinae)  we  also  have 
a   large  number  of  fine  beetles,   some  of  which   arc  decirfcdlY 
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injurious,  not  alone  to  forest  trees,  but  to  fruit-producing  irees  as 
well.     Members  of  this  group  of  beetles  have  a  roundei    pro 
thorax,  frequently  amied  with  rather  long  thorns,  but  not  always 
so;   their  fore-tibiae  are  grooved  on  the  inner  side,  and  the  last 
segment  of  the  palpi  is  cylindrical  and  pointed. 


Pig.  12Q.—StraagalJa  apec— After  Brchm. 


[HE  AxMERlCAN    CURRANT- BOREK. 


{Psenocerus  super notatus  Say). 


I 


It  is  not  uncommon  at  all  to  find  a  small  larva  in  the  branches 
and  smaller  shoots  of  our  currant  bushes,  which  in  early  spring 
changes  to  a  small,  brown,  and  slightly  flattened  beetle,  rarely  ex- 
ceeding one-quarter  of  an  inch  in  length.  It  is  beautifully  marked, 
although  some  specimens  are  almost  unicolored.  Bright-colored 
specimens  are  clothed  with  white  hair,  which  is  grouped  so  as 
to  form  two  white  spots  towards  the  end  of  the  wing-covers, 
frequently  so  broad  as  to  join  at  the  suture,  in  which  case  they 
are  lunar  in  shape.  In  the  center  is  another  fine  and  wavy  white 
line,  sloping  from  the  sides  back  to  the  suture,  and  enclosing  an  al 
mo^  black  space.    The  scutellum  is  also  white. 


^■^ 
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If  this  insect  (Fig.  127)  should  become  abundant  enough  to 
become  troublesome,  it  can  be  held  in  check  by  close  pruning 
during  the  late  fall  or  winter;  the  cuttings  should  be  burned  be- 
fore spring  to  destroy  the  larvae  in  them.  According  to  Dr. 
Hamilton  this  beetle  sometimes  hibernates,  as  he  found  three  of 
them  in  the  folds  of  a  Cecropia  cocoon  taken  in  February  from 
the  currant  bush. 

Although  not  an  enemy  to  fruit-producing  plants  the  Saw- 
yer (Monohammns  conftisor  Kirby)  is  so  frequently  seen,  so 
destructive  to  pines,  and  so  often  received  by  the  enltomologist 
to  be  named,  that  its  life-history  will  be  given  in  a  few  words. 


n 


Pljf.   127. —PaenoceruM    aupernotsitus.  FiR.     128.  — Alnnohammaa    coafusor, 

Sar.     After  SauAdert.  Kirby.-AfterDivi»ionofBntoinologj, 

U.  S.  Department  of  A^^ricaltare. 

It  is  a  beautiful  brown  or  gray  beetle,  covered  more  or 
less  densely  with  a  silky  down,  most  prominent  upon  the  thorax, 
for  which  reason  it  is  sometimes  called  the  "Silver-bug."  The 
elytra  are  mottled,  with  raised  black  dots  or  dashes ;  the  thorax  is 
armed  upon  each  side  with  a  large  thorn.  The  beetle  measures 
about  one  inch  and  a  quarter  in  length,  and  is  readily  recognized 
by  the  long  feelers,  which  in  the  female  are  as  long  as  the  body, 
and  in  the  male  twice  as  long.    These  enormously  long  antennae 
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are  in  constant  motion  when  the  beetle  is  running  about  and 
point  forward  in  this  case;  when  the  owner  is  asleep  they  bend 
backwards,  and  are  close  to  the  body. 

The  larva  bores  in  the  sound  wood  of  pine  and  fir,  making 
when  full  grown,  a  large  hole,  half  an  inch  in  diamater.  It 
changes  to  a  pupa,  and  soon  afterwards  "to  the  adult  beetle. 
Such  borers  are  exceedingly  numerous  in  our  neglected  pine 
forests,  invading  all  the  trees  that  are  injured  by  fire,  or  which 
are  bruised  by  trees  felled  by  the  axe  of  the  wood-cutter.  When 
everything  is  quiet  the  gnawing  of  such  larvae  can  be  plainly 
heard  in  the  dry  trees,  which  act  as  a  sort  of  a  sounding  board. 
This  insect  is  shown  still  in  its  burrow  in  Fig.  128. 

There  is  another  insect,  not  as  bulky,  but  nearly  as  long,  with 
equally  long  horns,  which  in  the  Southern  States  is  quite  des- 
tructive to  the  mulberry.  Our  mulberry  bushes  are  also  invaded 
by  a  similar,  but  much  smaller  bedtle,  which  is,  however,  not  fS 

numerous  enough  to  cause  much  injury. 

The  hickory  is  invaded  by  a  number  of  borers,  which  in 
more  southern  regions  cause  the  loss  of  many  young  trees.  The 
Common  Hickory-borer  {Goes  tigrinus  De  Geer),  and  the 
Beautiful  Hickory-borer  (G.  pulchra  Hald.),  as  well  as  G. 
ocuUtus  Lee.  and  G.  debilis  Lee,  belong  to  this  genus. 

THE    BEAUTIFUL    HICKORY-BORER. 


W 


{Goes  pulchra  Hald.). 

This  insect  (Fig.  129,  Plate  VI)  is  well  named  pulchra,  mean- 
ing beautiful.  It  measures  a  little  over  an  inch  in  length,  is  reddish- 
brown,  and  marked  with  dark  brown  in  such  a  manner  that  across 
the  wing-covers  a  band  is  formed,  which  gradually  shades  off 
into  the  general  color  of  the  beetle  towards  the  tip.  This  mark- 
ing of  'the  wing-covers  is  produced  by  a  close  belt  of  fine  hairs. 

The  beetle  deposits  eggs  upon  the  different  kinds  of  hick- 
ories, frequently  selecting  for  this  purpose  the  smaller  trees,  an 
inch   or  more  in  diamater.     The  presence  of  the  larvae  inside  41 
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sometimes  forces  the  trunk  to  enlarge  at  that  point,  so  !that  a 
large  gall-like  swelling  is  produced.  This  of  course  kills  the  tree, 
which  during  a  heavy  wind  breaks  at  this  weak  place. 

There  are  a  large  number  of  small  grayish  longicoms,  more 
or  less  sprinkled  with  white  scales  arranged  in  larger  spots  or 
irregular  wavy  lines,  which  infest  all  sorts  of  trees,  and  among 
them  our  fruit  trees.  The  beetles  look  like  the  dead  bark  upon 
which  they  are  usually  found  hiding.  Most  of  them  have  their 
short  thorax  armed  with  a  minute  spine  on  each  side,  but  this  is 
not  always  the  case.  A  few  of  the  more  important  ones  will 
be  described.  In  case  they  should  at  any  time  become  numerous 
enough  to  become  destructive  the  dead  twigs  should  be  cut  off 
and  burned,  and  an  alkali  wash  applied  to  the  bark,  as  rec- 
ommended against  the  "Round-headed  Apple-tree  Borer,"  a 
beetle  to  be  described  later, 

THE    LONG-HORNED    BORER. 

(Leptostylus  aculifer  Say). 

This  beetle  (Fig.  130)  is  rather  robust  in  shape,  with  long 
tapering  feelers,  ringed  with  black  and  white.  It  is  of  a  brown- 
ish-gray color,  with  numerous  small  'thorn-like  points  upon  the 
wing-covers,  and  a  V-shaped  band,  margined  with  black,  a  little 
behind  the  middle  of  the  elytra.  Some  well  marked  and  fresh 
specimens  are  little  beauties,  being  almost  silvery  white,  with 
dark  dots  on  the  band  already  mentioned.  The  insect  measures 
a  little  more  than  one  third  of  an  inch  in  length.  It  is  most  com- 
mon during  August,  when  it  may  be  found  hiding  on  the  trunks ' 
of  apple-trees.  Here,  and  also  in  other  trees,  it  lays  eggs,  which 
shortly  afterwards  hatch  into  small  grubs,  which  enter  the  tree, 
burrowing  under  the  bark. 

Leptostylus  macula  Say,  a  very  similar  beetle,  is  also  often 
found  upon  old  apple-trees ;  it  probably  feeds  in  them  as  a  larva. 

The  closely  related  genus  Liopus  also  furnishes  a  contingent 
of  beetles  which  feed  in  our  orchards.  These  beetles  are  smaller 
and  more  elongated.  In  the  next  genus  we  find  a  small  beetle 
which  occurs  in  large  numbers  in  old  apple-trees. 
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THE    APPLE    LEPTURGES. 

(Lepturges  facetus  Say). 

This  insect,  though  very  small,  as  seen  in  the  line  under  the 
illustration,  (Fig.  131),  is  a  very  handsome,  slender  beetle,  in 
some  cases  much  less  than  a  quarter  of  an  inch  long;  it  is  of  a 
pale  ash-gray  colon  with  a  purplish  tinge.  The  rather  long 
and  hairy  feelers  are  yellowish-brown,  and  are  ringed  with  black- 
at  the  tips  of  each  joint.  The  smooth  wing-covers  possess 
an  irregular  dark  spot  on  their  anterior  portion,  and  a  broad 
black  band  across  the  posterior  part,  just  leaving  the  tips  pale- 


¥ 


Pl^.  130. —  Leptostytaa  Fig.  131  .^Lepturgres  face-  Fig.  132.— Onciderea  da- 
Mcatifer,  Say.  After  f  us,  Say.  After  Saunders.  ^o/atas.  Say.  After  Riley. 
Satindera. 

gray;  other  blackish  spots  and  streaks  are  found  elsewhere. 
These  beetles  occur  most  numerously  during  late  June  and  in 
July,  when  they  are  engaged  depositing  their  eggs  on  the  bark 
of  the  branches,  which  the  young  larvae  enter,  and  in  which  they 
undergo  their  transformations  before  the  next  summer. 

The  larva  has  the  usual  form  of  such  borers,  is  about  a 
quarter  of  an  inch  long,  slender,  with  the  anterior  segments 
enlarged  and  the  abdomen  rather  blunt.  It  is  eritirely  covered 
with  fine  and  short  hairs. 

Many  other  beetles,  which  are  all  of  about  the  same  size, 
similar  color  and  markings,  are  more  or  less  injurious  to  fruit 
trees.  By  beating  the  small  dead  twigs  of  some  trees,  as  the 
oak,  chestnut,  hickory  and  others,  large  numbers  will  fall  into  an 
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inverted  umbrella  held  beneath,  and  this  is  one  of  th 
nsed  by  collectors  of  beetles  to  coUedt  their  pets. 

THE  TWIG-GIRDLER. 

{Oncideres  cingulatus  Say). 

This  fine  beetle,  a  little  more  that  half  an  inch  in  1 
a  very  elegant  but  modest  appearance,  being  of  a 
gray  color  with  dull  reddish-yellow  dots,  and  havin 
gray  band  across  the  middle  of  the  wing-covers.  Tl 
are  longer  than  the  body. 

It  is  of  rare  ocurrence  in  Minnesota  and  not  mer 
cause  it  is  injurious,  but  on  account  of  its  habit  of  g 
twigs  of  the  hickory,  pear  and  other  trees,  and  its  interei 
of  laying  eggs.  The  female  lays  an  egg  in  a  twig  or  bra 
it  then  girdles  a  little  distance  below,  eating  a  groove 
tenth  of  an  inch  wide,  and  as  deep,  St)  that  a  high  win 
down.  The  foliage  on  such  a  twig  wilts  at  once,  and 
^:    [J  is  then  in  the  exact  condition  desired  by  the  larva,  wh 


i 


H 

hi 


y    ii  goes  its  transformations  undisturbed  by  growth  or  t 

moisture.  Sometimes  shade  trees  are  also  attacked,  t 
ful  gathering  and  burning  of  the  fallen  wood  keeps  th 
check. 

The  illustration   (Fig.   132)   shows  the     female 
Some'times  a  number  of  twigs  are  thus  amputated,  and 
reported  that  a  persimmon  branch  not  more  than  twc 
contained  as  many  as  eight  eggs,  one  tgg  being  pla 
each  of  the  successive  side  shoots;  in  another  case  i 
were  crowded   together   in   a  small   hickory  branch 
inches  long,  which  shows  tha't  this  insect  can  become 
injurious  if  at  all  numerous. 

THE  ROUND-HEADED  APPLE-TREE  BORER. 

(Saperda  Candida  Fab.). 

This  is  one  of  the  worst  and  most  familiar  orcl 
preferring  to  bore  into  the  apple,  although  the  quince 
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infested;  it  also  occurs  in  the  pear,  hawthorns  and  some  other 
plants.  The  beetle  appears  late  in  June  or  July,  and  is  ndt  found 
in  large  numbers  in  our  state.  Prof  Saunders  gives  the  follow- 
condensed  description  of  this  beetle  and  its  work : 

"The  Round-headed  Apple-tree  Borer  is  a  native  of  America 
whose  existence  was  unrecorded  before  1824,  when  it  was  de- 
scribed by  Thomas  Say.  The  year  following,  its  destructive 
character  was  observed  about  Albany,  N.  Y.  It  is  now  widely 
and  generally  distributed,  and  probably  it  was  so  at  that  time, 
although  unnoticed,  since  it  inhabits  our  native  crab  and  thorn 
bushes,  and  also  the  common  June-berry,  Amelanchier  canadensis. 
While  preferring  the  apple,  it  also  makes  its  home  in  the  quince, 
pear  and  mountain-ash.  In  its  perfect  state  it  is  a  very  handsome 
beetle,  about  three-fourths  of  an  inch  long,  cylindrical  in  form, 
of  a  pale-brown  color  above  with  two  broad  creamy  white 
stripes  running  the  whole  length  of  its  body ;  the  face  and  under 
surface  are  hoary- white,  the  antennae  and  legs  are  gray.     The  -§  ^ 

females  are  larger  than  the  males  and  have  shorter  antennae.  gi 

The  beetle  makes  its  appearance  during  the  month  of  June  and  i  if 

July,    usually   remaining   in   concealment    during   the   day,   and  •  f  i  .  . 

becoming  active  at  dusk.  ifV 

"The  eggs  are  deposited  late  in  June,  in  July  and  most  ^f 


August,  one  in  a  place,  in  an  incision  made  by  the  female  in  the  ^l  . 

bark  of  the  tree  near  its  base.  Within  two  weeks  the  young 
larvae  are  hatched,  and  at  once  commence  with  their  sharp  man- 
dibles to  gnaw  their  way  to  the  interior. 

"I't  is  generally  conceded  that  the  larva  is  three  years  in 
reaching  maturity.  The  young  ones  lie  for  the  first  year  in  the 
sap-wood  and  inner  bark,  evcavating  flat  shallow  cavities,  about 
the  size  of  a  silver  dollar,  which  are  filled  with  their  saw-dust  %i 


like  castings.  The  holes  by  which  they  enter  being  small,  they 
are  soon  filled  up,  though  not  until  a  few  grains  of  castings  have  1% 

fallen  from  them.  Their  presence  may,  however,  be  detected  in 
young  trees  from  the  bark  becoming  dark-colored,  and  some- 
times dry  and  dead  enough  to  crack.  Through  these  cracks 
some  of  the  castings  generally  protrude  and  fall  to  the  ground  in 


r 
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a  little  heap ;  this  takes  place  especially  in  the  spring  of  the  year, 
when,  with  frequent  rains,  the  heaps  "become  swollen  by  the  ab- 
sorption of  moisture.  On  the  approach  of  winter  the  larva 
descends  to  the  lower  part  of  its  burrow,  where  it  doubtless  re- 
mains inactive  until  the  following  spring. 

'^During  the  next  season  it  attains  about  half  its  growth, 
still  living  in  the  sap-wood,  where  it  does  great  damage,  and 
when,  as  often  happens,  there  are  several  of  these  borers  in  a 
single  tree,  they  will  sometimes  cause  its  dealth  by  completely 
girdling  it.    After  another  winter's  rest,  the  larva  again  becomes 


Fig.  133.— Sapcrda  Candida,  Fab.— After   Diviaion  of  Bntomology.  U.  8.  Depart 
ment  of  Agricniture. 


active,  and  towards  the  end  of  the  following  season,  when  ap- 
proaching maturity,  it  cuts  a  cylindrical  passage  upwards,  vary- 
ing in  length,  into  the  solid  wood,  afterwards  extending  it  out- 
ward to  the  bark,  sometimes  cutting  entirely  through  the  tree, 
at  other  times  turning  back  at  diflferent  angles.  The  upper 
part  of  the  cavity  is  then  filled  with  a  sawdust-like  powder, 
after  which  the  larva  returns  to  the  part  nearest  the  heart  of 
the  tree,  which  portion  it  enlarges  by  tearing  off  the  fibers,  with 
which  it  carefully  and  securely  closes  the  lower  portion  of  its 
gallery,  so  as  to  protect  it  thoroughly  from  the  approach  of 
enemies  at  either  end.       Having  thus  perfected     its     arrange- 
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ments,  it  again  turns  round  so  as  to  have  its  head  upwards, 
when  it  rests  from  its  labors  in  the  interior  of  the  passage  until 
the  following  spring,  when  the  mature  larva  sheds  its  skin  and 
discloses  the  pupa.  In  this  condition  it  remains  for  about  two  or 
three  weeks.,  when  the  perfect  beetle  escapes.  At  firsit  its  body 
and  wing-cases  are  soft  and  flabby,  but  in  a  few  days  they  harden, 
when  the  beetle  makes  its  way  through  the  sawdust-like  castings 
in  the  upper  end  of  the  passage,  and  with  fts  powerful  jaws 
cuts  a  smooth,  round  hole  through  the  bark,  from  which  it 
escapes. 


Pig.  134. — Sapcrda  Candida.,  Pah. — a,  puncture  in  which  efrg  is  laid;  5.  tame  in 
section;  e.  bo'e  from  which  beetle  has  emerged;  f,  same  in  section;  ;^,  pupa  in  its 
cell.     After  Riley. 

'*The  larva,  (Fig.  133),  is  of  a  whitish  color,  with  a  round 
head  of  chestnut-brown,  polished  and  homy,  and  the  jaws  black. 
It  also  has  a  yellow  horny  looking  spot  on  the  first  segtnent  behind 
the  head.  It  is  without  feet  but  moves  about  in  its  burrows  by  the 
alternate  contraction  and  expansion  of  the  segments  of  its  body. 
When  full  g^own  it  is  over  an  inch  in  length.  Fig.  134  shows  the 
work  of  this  borer. 

"The  color  of  the  chrysalis  is  lighter  than  that  of  the  larva^ 
and  it  has  transverse  rows  of  minute  spines  on  the  back,  and 
a  few  at  the  extremity  of  the  body. 
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"Remedies :  The  young  larva,  as  already  stated,  may  often 
be  detected  by  the  discoloration  of  the  bark.  In  such  instances, 
if  the  outer  dark-colored  surface  be  scraped  with  a  knife,  lalte  in 
August,  or  early  in  September,  so  as  to  expose  the  dear  white 
bark  underneath,  the  lurking  enemy  may  be  discovered  and  des- 
troyed. Later  they  may  be  detected  by  their  castings,  which 
have  been  pushed  out  of  the  crevices  of  the  bark,  and  have 
fallen  in  little  heaps  on  the  ground.  When  first  discharged  they 
look  as  if  they  had  been  forced  through  the  barrels  of  a  minute 
double-barreled  gun,  being  arranged  closely  together  in  two 
parallel  strings.  Those  which  have  burrowed  deeper  may  some- 
times be  reached  by  a  stout  wire  thrust  into  their  holes,  or  by 
cutting  through  the  bark  at  the  upper  end  of  the  chamber,  and 
pouring  scalding  water  into  the  opening,  so  that  it  may  soak 
through  the  castings  and  penetrate  to  the  insect. 


Fig.  1 35.— Saperda  cretatti,  Newm.— After  OivUion  of  Bntomolog^y,  U.S.  Depart- 
ment of  Agriculture. 


"Among  the  preventive  measures,  alkaline  washes  or  solu- 
tions are  probably  the  most  efficient,  since  experiments  have  dem- 
onstrated that  they  are  repulsive  to  the  insect,  and  that  the 
beetle  will  not  lay  her  eggs  on  trees  protected  with  such  washes. 
Soft  soap  reduced  to  the  consistency  of  a  thick  paint  by  the  addi- 
tion of  a  strong  solution  of  washing-soda  in  water,  is  perhaps  as 
good  a  formula  as  can  be  suggested ;  this,  if  applied  to  the  bark 
of  a  tree,  especially  about  the. base  or  collar,  and  also  extended 
upwards  towards  the  crotches,  where  the  main  branches  have 
their  origin,  will  cover  the  whole  surface  liable  to  attack;  and 
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if  applied  during  the  morning  of  a  warm  day,  will  dry  in  a  few 
hours,  and  form  a  tenacious  coating,  not  easily  dissolved  by  rain. 
The  soap  solution  should  be  applied  early  in  June,  and  a  second 
time  during  the  early  part  of  July." 

There  are  other  species  of  Saperda,  all  injurious  to  trees. 
S.  obliqua  Say  feeds  in  the  wood  of  alder  and  hazel ;  S.  calcarata 
Say  is  decidedly  injurious  to  the  poplar  and  cottonwood ;  5".  ere- 
tata  Newm.  (Fig.  135),  a  beautiful  beetle,  very  similar  to  Candida, 
but  with  the  white  bands  twice  interrupted,  also  has  similar  habits, 
being  found  upon  apple  and  thorns  (Crataegus  spec.)  ;  S.  vestida, 
Say,  S.  tridentata  Oliv.,  and  S.  lateralis  Fab.,  occur  upon  a  variety 
of  forest  trees,  such  as  linden,  poplar  and  others.  S,  discoida, 
Fab.,  is  destructive  to  hickory;  S,  concolor,  Lee,  forms  gall-like 
swellings  on  the  younger  trunks  of  the  aspen ;  5*.  puncticollis  Say 
is  found  in  the  stems  of  the  poison  ivy  and  oak. 

THE  RASPBERRY  CANE-BORER. 

(Oberea  bimaculata  Oliv.), 

This  beetle  is  similar  to  the  species  of  Saperda,  but  it  has 
a  much  longer  and  more  narrow  black  body ;  the  surface  of  th€ 
thorax  and  the  fore  part  of  the  breast  is  pale-yellow,  with  two 
small  black  spots,  absent  in  some  specimens;  or  there  is  an 
additional  small  black  spot  on  the  posterior  edge  of  the  pro- 
thorax,  just  where  the  elytra  join  the  same  .  The  elytra  are  cov- 
ered with  coarse  indentations,  and  are  slightly  notched  at  the 
ends.     Fig.  136,  Plate  IV  shows  this  beetle  and  its  work. 

Such,  or  similar  beetles  belonging  to  this  genus,  as  the 
O.  flavipes  Hald.,  which  is  black  with  yellow  legs,  appear  during 
the  month  of  June,  and  after  pairing  the  female  deposits  her 
eggs  in  the  canes  of  the  raspberry  and  blackberry  in  a  very  singu- 
lar manner:  "With  her  mandibles  she  girdles  the  young  grow- 
ing cane  near  the  tip  in  two  places,  one  ring  being  about  an  incb 
below  the  other,  and  between  the  rings  the  cane  is  pierced,  and 
an    egg  thrust  into  its  substance  near  the  middle,  its  location 
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being  indicated  by  a  small  dark-colored  spot.  The  supply- of  sap 
being  impeded  or  stopped,  the  tip  of  the  cane  above  the  upper 
ring  soon  begins  to  droop  and  wither,  and  shortly  dies,  when  a 
touch  will  sever  it  at  the  point  at  which  it  has  been  girdled. 

*'The  egg  is  long  and  narrow,  of  a  yellow  color,  and  quite 
large  for  the  size  of  the  insect,  and,  embedded  in  the  moist  sub- 
stance of  the  cane,  absorbs  moisture  and  increases  in  size  until 
in  a  few  days  a  small  white  grub  hatches  from  it.  The  larva  as 
it  escapes  from  the  egg  is  about  one-fourteenth  of  an  inch  long, 
with  a  yellow,  smooth,  glossy  body,  roughened  at  the  sides,  and 
clothed  with  very  minute  short  hairs.  The  head  is  small  and  red- 
dish-brown, and  the  anterior  segments  of  the  body  are  swollen ;  the 
larva  is  also  footless.  The  young  larva  burrows  down  the  center 
of  the  stem,  consuming  the  pith,  until  full  grown,  which  is  usually 
about  the  end  of  August,  when  it  is  nearly  an  inch  long  and  of  a 
dull-yellow  color,  with  a  small,  dark-brown  head.  By  this  time  it 
has  eaten  its  way  a  considerable  distance  down  the  cane,  (Fig.  136, 
Plate  IV),  in  which  it  remains  during  the  winter,  and  where  it 
changes  to  a  pupa,  the  beetle  escaping  the  following  June,  when 
it  gains  its  liberty  by  gnawing  a  passage  through.  This  borer 
injures  the  blackberry  as  well  as  the  raspberry. 

'The  presence  of  these  enemies  is  readily  detected  by  the 
sudden  drooping  and  withering  of  the  tips  of  the  canes.  They 
begin  to  operate  late  in  June,  and  continue  their  work  for  several 
weeks ;  hence  by  looking  over  the  raspberry  plantation  occasion- 
ally at  this  season  of  the  year  and  removing  all  the  tops  down  to 
the  lowest  ring,  so  as  to  insure  the  removal  of  the  egg,  these  in- 
sects may  be  easily  kept  under,  for  they  are  seldom  ntunerous." 
]  Other  species  of  this  genus  in  their  larval  stage  make  long 

!  cylindrical  burrows  in  the  twigs  of  the  cottonwood  and  other  re- 

'  lated  trees. 

I  Lx>ngicorn  beetles  are  generally  favorites  with  collectors  of 

I  insects,  and  are  better  known  as  beetles  than  as  larvae.     But  even 

people  not  collectors  are  familiar  with  some  species,  since  these 
do  not  hide,  but  fully  expose  themselves  on  the  plants  they  infest. 
This  is  especially  true  of  certain  longicoms  that  are  found  upon 
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the  stems  and  leaves  of  our  milkweeds,  since  they  are  of  a  brilliant 
red  color,  marked  with  a  number  of  black  spots  upon  the  elytra 
and  thorax.  As  larvae  they  feed  in  the  roots  of  a  number  of 
species  of  AscUpia, 

FAMILY   CHRYSOMFXIDAE. 

(Leaf-beetles  or  Chrysomelids), 

The  name  "leaf-beetle"  is  well  chosen,  as  these  beetles  feed 
both  as  larvae  and  as  adults  upon  the  leaves  of  plants.  The  scien- 
tific name  was  selected  for  them  from  two  Greek  words,  meaning 
golden  apple,  since  most  of  these  insects  display  brilliant  and 
beautiful  colors,  and  also  because  their  fomr  is  usually  round  and 
oval.  Such  beetles  are  mostly  short-bodied,  more  or  less  oval  in 
outline;  the  head  is  very  short,  much  narrower  than  the  pro- 
thorax  ;  the  feelers  are  usually  of  moderate  length,  somewhat  en- 
larged towards  the  tips,  and  set  wide  apart;  the  eyes  are  round 
and  prominent ;  the  legs  are  usually  short  and  stout,  and  are  fur- 
nished with  tarsi  of  the  same  type  as  those  of  the  preceding 
family,  being  also  broad  and  cushioned  beneath. 

•  All  our  species  in  Minnesota  can  readily  be  distinguished 
from  the  longicoms,  but  such  is  not  the  case  in  other  regions, 
where  forms  occur  that  are  not  easily  placed  in  the  families  to 
which  ihey  belong.  Most  of  our  species  are  small,  the  well 
known  "Colorado  potato-beetle"  being  about  the  largest  represen- 
tative we  have. 

The  larvae  are  variously  formed,  but  are  mostly  thick,  broad, 
with  well  developed  true  legs.  They  live  exposed  upon  leaves; 
some  mine  between  the  upper  and  lower  cuticle  of  the  leaves ;  still 
others  cover  themselves  with  their  own  excrement,  while  a  few 
bore  into  the  stem*  and  roots  of  plants. 

The  eggs  are  usually  deposited  in  small  masses  upon  the 
leaves  or  stems  of  the  plants  upon  which  the  larva  feeds,  and  are 
frequently  elongated  and  of  a  yellowish  or  orange  color. 

Ltttf-beetles  are  v^ry  numerous,  about  six  hundred  species 
being  found  in  North  America  alone.     They  are  arranged  in  a 


Digitized  by  VjOOQIC 


218  LEAF-BEETLES. 

number  of  groups.  Since  all  are  vegetable  feeders,  they  are  more 
or  less  injurious,  and  sometimes,  if  they  attack  cultivated  plants, 
they  are  very  much  so.  Happily  but  few  of  them  do  so ;  many 
others  feed  upon  worthless,  even  injurious  plants,  as  weeds. 

It  is  not  possible  to  give  a  description  of  many  of  these  beetles 
in  this  report,  not  even  of  the  eleven  tribes  into  which  the  family 
is  divided.  But  to  give  some  idea  of  their  classification  a  few  of 
the  more  common  ones  will  be  described,  even  if  they  are  not 
destructive. 

When  we  pick  the  flowers  of  the  beautiful  water  lilies, 
(Nymphaea),  we  are  apt  to  find  that  their  leaves  are  more  or 
less  perforated  with  small  holes,  and  if  we  look  a  little  more  close- 


Fig.  137.— i>onacifl— life  history.— After  Brehm. 

ly  we  find  the  culprits  near  by.  (Fig.  137.)  They  are  very  ac- 
tive and  graceful  beetles,  usually  of  a  metallic  color;  they  are 
generally  gregarious,  flying  about  actively  in  the  bright  sunshine. 
They  can  run  over  the  water,  and  being  protected  with  a  fine 
pubescence  on  the  under  surface  of  their  bodies  do  not  b^me 
wet. 

Early  in  spring,  about  the  time  that  the  maples  are  in  bloom, 
we  find  many  beetles  in  such  flowers  that  belong  to  this  family; 
they  are  evidently  of  some  good  to  the  plants,  for  they  carry  the 
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pollen  from  flower  to  flower,  from  tree  to  tree.  They  also  occur 
in  the  flowers  of  the  apple  and  plum.  Their  name  is  Orsodacna 
atra  Ahr. 

Closely  allied  to  them  is  a  most  beautiful  beetle,  but  one 
that  is  decidedly  injurious.  It  is  as  yet  not  found  in  Minnesota, 
but  no  doubt  will  reach  us  before  long  from  the  east. 

THE  ASPARAGUS  BEETLE. 

(Crioceris  asparagi  Linn.). 

This  is  a  small,  red,  yellow  and  black  beetle,  as  seen  in  the  il- 
lustration (Fig.  138).     It  gnaws  holes  in  the  heads  of  young 


Pig.  138. — CrioceriM  aaparagi,  Linn.— After  Division  of  Bntomology,  U.  S.   De- 
partment of  Agricnltnre. 
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asparagus,  and  lays  oval,  blackish  eggs  upon  them.  The  young 
larvae,  which  are  brown  and  slug-like  grubs,  also  eat  the  young 
heads  early  in  spring,  but  later  a  second  brood  of  them  feeds  upun 
the  full-grown  plant.  Wherever  this  insect  occurs  it  causes 
great  losses,  and  steps  should  at  once  be  taken  to  destroy  it. 

A  beetle  of  similar  shape,  the  Three-lined  Lema,  (Lenia 
trilineata  Oliv.),  but  of  a  yellow  color,  with  three  black  stripes 
on  the  wing-covers,  is  very  common  upon  our  * 'husk- tomatoes,"  or 


Pig.  139.— Lema  trilineata^  Ollv.     After  Riley. 

"ground  cherries,"  which  are  frequently  entirely  destroyed  by 
them  and  their  larvae.  These  latter  have  the  nasty  habit  of  cov- 
ering their  backs  with  their  own  excrement.  As  they  are  also 
found  injurious  to  the  potato  they  should  be  killed  with  any  of 
the  arsenical  poisons.  We  have  two  broods  of  this  insect,  the 
second  brood  hibefnates  in  the  ground  as  pupa.  This  species  is 
illustrated  in  Fig.  139. 

THE  DOMINICAN  CASE-BEARER. 

(Coscinoptera  dominicana  Fab.). 

This  peculiar  beetle  is  frequently  found  upon  the  leaves  of 
the  plum,  apple,  rose,  oak,  and  other  plants.  It  is  not  especially 
injurious,  but  as  it  is  frequently  seen  and  has  a  peculiar  life-his- 
tory, it  will  be  described  in  a  few  words.  The  name  "dominican" 
has  been  chosen  because  it  is  neither  ornate  in  color,  being  uni- 
formly bluish-gray,  nor  prone  to  make  itself  conspicuous.  It  is 
shown  in  all  stages  in  Fig.  140.     Its  color  is  really  black,  with 
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the  exception  of  a  yellowish  brown  labrum,  but  this  color  is  so 
densely  covered  with  a  bluish  or  ash-gray  pubescence  as  to  be- 
come invisible;  the  under  side  is  even  more  closely  covered  than 
the  upper  one.  The  eggs  are  attached  to  all  sorts  of  plants  by 
long  stalks,  and  are  covered  by  deep  brown  scales  of  excrement, 
most  beautifully  arranged  in  such  a  manner  that  the  egg  seems 
to  be  enclosed  in  a  pine  cone.  The  mother,  in  covering  the  egg, 
holds  it  horizontally  between  the  tarsi,  adding  the  stercoraceous 


o 


Fi^.  140. — Coaeiaoptera  dominicanB,  Pab.— After  Riley. 

covering  in  thin  curved  layers,  which,  in  other  related  beetles,  are 
pressed  into  various  patterns  by  the  anus.  In  many  cases  the 
female  also  possesses  a  little  cavity  at  the  tip  of  the  venter,  in 
which  the  t^g  is  hidden  if  she  is  disturbed  before  the  operation  of 
covering  it  is  completed.  This  egg  hatches  in  about  two  weeks, 
and  the  young  larva  cuts  itself  loose  from  the  shell  or  anchor- 
age, and  tumbling  to  the  ground,  has  to  shift  for  itself.  The  cov- 
ering of  the  egg  now  forms  a  house  for  the  young  larva,  which 
lives  in  it,  gradually  adding  to  the  rim  of  the  case,  so  that  the 
house  grows  with  its  tenant.  Inside  it  changes  later  to  a  pupa  and 
perfect  insect.  The  larva  feeds  upon  dead  leaves  laying  on  the 
surface  of  the  ground. 

There  is  another  beetle  very  common  in  our  state,  which  so 
closely  resembles  the  droppings  of  a  caterpillar  that  but  few  ex- 
pect it  to  be  a  living  creature,  especially  as  the  beetle,  if  dis- 
turbed, drops  to  the  ground  and  plays  possum.  The  adult  in- 
sect is  a  little  oblong,  cubical,  roughly  shagreened,  metallic-green- 
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ish  beetle,  found  very  commonly  upon  the  foliage  of  raspberries, 
blackberries,  and  that  of  other  plants  and  trees.  The  larva  of 
this  beetle  (Chlamys  plicata  Oliv.)  is  also  a  sac-bearer,  as  may 
be  seen  in  the  illustration  (Fig.  141). 

Other  beetles,  all  not  much  longer  than  one-eighth  of  an 
inch,  and  belonging  to  the  genera  Bassareus,  Cryptocephdus, 
and  Pachybrachys,  usually  beautifully  colored  and  marked  with 


Fig.  141.— C/flamjTspl/cAta,  Ollv.—After  Marlatt  (in  part). 

bright  spots  and  lines,  are  also  found  upon  the  foliage  of  fruit- 
producing  plants,  but  are  not  apt  to  cause  any  serious  injury. 
The  larvae  of  most  of  them  are  not  even  known,  but  as  far  as  dis- 
covered they  are  all  sac-bearers,  and  live  as  such  in  or  about  the 
nests  of  ants. 

THE  GRAPE-VINE  FIDIA. 

(Fidia  longipes  Mels.). 

Whenever  this  insect  and  some  closely  allied  ones  becomes 
at  all  numerous,  it  can  cause  considerable  damage  to  the  wild 
and  cultivated  grape.  Some  years  ago  nearly  all  the  leaves  of 
certain  varieties  of  grape  were  destroyed  by  these  beetles,  which 
cut  straight  and  elongated  holes,  into  the  leaves,  about  one-eighth 
of  an  inch  in  diameter,  thus  reducing  them  to  mere  shreds.  The 
illustration,  (Fig.  142),  shows  this  insect.  In  the  more  south- 
ern states  they  sometimes  literally  swarm,  and  are  in  such  cases 
perfectly  able  to  destroy  the  entire  foliage  in  even  large  vine- 
yards. 
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Though  very  common,  the  beetle  is  not  very  often  seen,  as  it 
is  very  watchful  and  shy,  dropping  to  the  ground  upon  the  slight- 
est disturbance;  in  falling  it  doubles  up  its  legs,  and  thus  rolls 
from  the  leaves,  pretending  to  be  dead.  Knowing  this  habit 
large  nimibers  can  be  captured  by  jarring  them  with  a  stick  into 
an  inverted  umbrella.  To  njake  sure  that  they  do  not  fly  off 
again  it  is  but  necessary  to  line  the  inside  of  such  an  umbrella 
with  some  absorbent  material,  and  soak  this  in  kerosene  oil.  By 
doing  so  the  oil  will  be  kept  in  position,  and  any  insect  coming 
thoroughly  in  contact  with  it  is  doomed  to  die. 


Pig.  142.— F/<//«  longipeff,  Mela.-After 
Satrnders. 


^M: 


Fif?.  1 44.~ Par/A  cAne/la-var.  6  aetata 
^  Say. — After  Saanders. 


FiK.    146.— Parfa    caael/a,    Fab.— After 
Forbes. 


.  The  beetle  is  about  a  quarter  of  an  inch  long,  is  chestnut- 
brown,  but  so  densely  covered  with  short  whitish  hairs  as  to  ap- 
pear gray  and  hoary.  It  is  found  early  in  June,  and  only  for  a 
short  time,  after  which  it  disappears. 

THE  GRAPE-ROOT  WORM. 

(Fidia  viticida  Walsh). 

This  beetle  is  very  similar  to  the  one  described,  and  is  a 
rather  long-legged  creature,  covered  with  short  hair,  so  that  it 
appears  gray.  It  is  sometimes  very  injurious,  especially  in  some 
of  the  Central  States,  as  Ohio,  but  as  it  occurs  over  a  large  por- 
tion of  our  country  it  may  cause  injury  almost  anywhere  and  at 
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almost  any  time.  This  beetle  also  feeds,  during  June,  upon  the 
foliage  of  the  grape,  eating  irregular  holes  into  the  upper  sur- 
face. During  this  time  the  female  also  lays  eggs  on  the  trunk 
of  the  vine,  or  in  any  available  crevice  in  the  branches.  In  such 
places  the  eggs  hatch,  and  the  young  larvae  drop  to  the  ground, 
and  entering  it,  make  their  way  beneath  it  as  well  as  they  can. 
Eventually  they  reach  the  rootlets  of  the  vines  upon  which  they 
feed.     The  beetle  is  shown  in  its  various  stages  in  Fig.  143. 


Fig.  143.— F/c/i«    viticida,   Walsh.— After  Division   of   BntomoloKy.    U.    S.   De- 
partment of  ARricaltare. 

So  far  remedial  measures  against  the  larva  have  not  proven 
very  satisfactory,  but  according  to  Prof.  Smith,  spraying  with  a 
strong  arsenical  mixture,  using  lime  to  avoid  burning  the  foliage, 
will  kill  many  of  the  beetles.  Cultivating  the  ground  so  as  to 
have  a  loose  powdery  top  soil,  without  crevices  leading  to  the 
roots,  which  should  also  be  covered  as  deeply  as  possible,  will 
prevent  many  of  the  larvae  from  reaching  their  desired  food. 
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There  is  still  another  beetle  closely  allied  to  the  two  species 
of  Fidia  just  described.  It  is  reddish-brown,  a  little  smaller, 
more  robust  and  is  sometimes  very  common  upon  the  foliage  of 
the  wild  grapes.  It  is  Adoxus  obscurus  Linn.  Last  year,  late 
in  July,  it  became  very  numerous  upon  some  cultivated  grapes, 
but  could  be  readily  gathered  into  an  inverted  umbrella.  The 
beetles  are  very  active  and  difficult  to  find  when  on  the  ground, 
the  color  of  their  bodies  blending  well  with  the  surrounding  par- 
ticles of  soil  and  refuse  material. 

One  of  the  larger,  and  by  far  the  most  beautiful  of  all  of  our 
leaf-beetles  is  an  insect  very  commonly  found  upon  the  two 
species  of  dog-bane  growing  in  our  state.  Their  form  is  charac- 
teristic of  that  of  the  following  species,  being  elongated-oval. 
The  beetle  is  entirely  of  a  burnished  metallic  -green  color,  with  a 
darker  bluish-green  thorax.  Various  other  tints,  such  as  gold, 
brass,  copper,  appear  if  the  insect  is  viewed  in  certain  lights.  Its 
name  is  a  well  selected  one,  being  Chrysochus  atiratus  Fab.  It  is 
frequently  collected  in  large  numbers  by  young  people  who  ar- 
range a  number  of  butterflies  in  large  glass  cases  in  various  pat- 
terns, as  for  instance  in  that  of  a  flying  eagle,  and  these  brilliant 
beetles  are  frequently  used  to  form  the  outlines  of  the  picture. 

THE   STRAWBERRY   ROOT-WORMS. 

{Paria  canella  Fab.  &  others). 

These  very  common  beetles  vary  greatly  in  coloration  and 
markings,  and  a  number  of  varieties  have  been  described.  All 
are  small,  being  about  three-tenths  of  an  inch  long,  polished,  pale 
yellowish-brown,  or  darker,  almost  black,  with  two,  four,  or  six 
black  dots  or  spots  upon  the  wing-covers.  These  spots  are  some- 
times confluent,  forming  two  longitudinal  bands,  or  the  black 
color  may  even  cover  the  entire  disk  of  the  elytra ;  the  under  side 
is  black.  These  stout  beetles  are  very  active  in  all  their  motions, 
moving  about  briskly  when  disturbed.  They  hibernate  as  beetles, 
and  are  very  commonly  found  under  rubbish  along  the  edges  of 
forests.     From  these  places  they  frequently  invade  strawberry 
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beds,  where  they  can  become  very  destructive,  and  if  at  all  nu- 
merous they  devour  the  leaves  of  these  plants  with  such  avidity 
that  they  are  soon  riddled  with  holes,  which  of  course  materially 
injures  the  crop  of  berries.  This  is  especially  true  of  the  Central 
States.  In  such  cases  the  old  beds  should  be  plowed  up  and  de- 
stroyed as  soon  as  the  crop  has  been  picked,  and  new  beds  should 
be  set  out  in  fresh  places,  and  for  this  purpose  new  plants  are  to 
be  selected  that  were  free  from  the  attack  of  such  root-worms. 
Wherever  a  two-year  picking  rotation  is  used,  in  which  the  old 
plants  are  immediately  destroyed,  this  root-borer  can  not  increase 
very  greatly.  Arsenical  poisons  are  also  very  satisfactorily  used 
to  kill  the  adult  when  they  are  noticed  upon  the  foliage,  but  it 
would  be  unsafe  to  do  so  when  the  fruit  is  already  well  set  and 
large.  Hellebore  is  also  of  use,  and  air-slaked  lime  dusted  over 
the  plants  will,  to  some  extent,  lessen  the  trouble. 


Fig.  146 —Co/«s  /«/faWd«,  Say  .-After  Forbes  B\g.  lA^.—Glyptosceliaajpti' 

(in  part).  co»,  Say.— After  Sannders. 


Prof.  Forbes,  who  has  studied,  very  closely  the  three  species 
of  strawberry  root-borers,  i.  e.,  Paria  aterrima  Oliv.,  Colaspis 
brunnea  Fab.,  and  Graphops  pubescens  Mels.,  has  also  described 
the  early  stages  of  these  beetles.  He  gives  a  full  account  of  them 
in  the  "Thirteenth  Report  of  the  State  Entomologist  of  Illinois." 
Like  all  his  reports  this  one  is  of  g^eat  value  to  the  growers  of  all 
kinds  of  fruits. 

By  looking  at  the  illustrations,  (Fig.  145,  146,  147),  which 
are  reduced  in  size  from  the  originals  made  by  Prof.  Forbes,  we 
can  perceive  the  structure  of  these  beetles,  and  that  of  their  ea** 
Her  stages. 
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The  larvae  are  all  small  white  grubs  infesting  the  roots  and 
crowns  of  the  strawberry  plants,  eating  the  smaller  roots,  and 
penetrating  and  mining  the  interior  of  the  crown  and  main  root. 
These  larvae  possess  well  developed  legs,  while  the  genuine 
"strawberry  root-borer"  described  later  has  no  legs  at  all.  The 
following  table  is  given  in  the  report  mentioned  above,  to  show 
the  difference  between  the  three  kinds  of  root-worms,  all  of  which 
occur  in  our  state,  but  still  devote  their  attention  more  to  the  wild 
strawberries  than  to  the  cultivated  ones. 

Synopsis  of  larvae, 

I.  Mandibles  bifid  at  tip. 

A.  Inner  edge  of  mandibles  excavated  before  tip, 
anal  segments  shorter  than  preceding,  ventral 
tubercles  not  prominent Paria. 

B.  Inner  edge  of  mandibles  not  excavated,  anal 
segments  more  developed  than  preceding,  ven- 
tral tubercles  prominent,  with  long  hairs Colaspis. 

II.  Mandibles  entire  at  tip,  inner  edge  excavated,  anal 

segment  short,  ventral  tubercles  not  prominent.  .Graphops. 

Synopsis  of  pupae, 

I.  Anal  hooks  simple,  incurved Colaspis, 

II.  Anal  hooks  recurved. 

A.  Hooks  short  and  stout,  with  strong  erect  tooth 
at  upper  side  of  base,  and  two  long  hairs  on 
posterior  margin    Graphops, 

B.  Hooks  slighter,  simple,  or  with  slender  hair  at 
upper  side  of  base,  no  hairs  on  margin Paria. 

"The  three  beetles  mentioned  above  may  be  easily  distin- 
guished, the  Colaspis  being  usually  of  a  pale  clay-yellow,  ranging 
to  a  yellowish  brown,  smooth  but  not  shining,  concolorous 
throughout,  or  occasionally  with  the  head  and  thorax  green ;  while 
Paria  is  shiny  black  above,  varying  to  brown,  with  four  black 
blotches  upon  the  wing-covers,  but  always  with  pale  legs  (and 
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antennae)  ;  and  Graphops  is  purple  or  green,  with  a  bronzed  me- 
tallic luster,  and  covered  with  a  gray  pubescence,  of  which  both 
other  species  are  destitute." 

As  far  as  the  adults  are  concerned  they  do  not  feed  alone 
upon  the  strawberries,  but  are  rather  general  feeders.  Colaspis 
brunnea  feeds  by  preference  upon  strawberry  leaves  early  in  the 
season,  but  later  becomes  very  destructive  by  eating  the  foliage 
of  the  wild  and  cultivated  grape-vine,  hence  is  frequently  named 
"Grape-vine  Colaspis."  It  also  occurs  upon  the  blossoms  of 
clover  and  willow,  and  upon  the  leaves  of  many  kinds  of  trees, 
as  it  is  frequently  beaten  into  umbrellas  used  to  catch  insects. 

Paria  species  are  also  general  feeders ;  they  do  not  alone  in- 
jure the  leaves  of  strawberry,  but  those  of  raspberry  and  crab 
apple  as  well.  Many  other  leaves  are  eaten,  and  even  the  needles 
of  the  Juniper  are  to  their  taste. 

Graphops  prefers  the  strawberry  plants,  but  is  also  very  par- 
tial to  the  evening  primrose,  as  large  numbers  of  these  beetles 
are  found  on  this  plant. 

The  life-histories  of  these  insects  as  far  as  known  are  curi- 
ously different  in  respect  to  the  times  and  periods  of  their  de- 
velopment. The  larva  of  Colaspis  appears  early  in  the  season, 
and  does  its  mischief  chiefly  in  the  months  of  April  and  May,  the 
beetles  beginning  to  emerge  in  June.  That  the  eggs  are  laid  in 
the  preceding  year  is  highly  probable,  in  which  case  the  spedes 
hibernates  in  the  egg. 

Paria,  on  the  other  hand,  certainly  passes  the  winter  as  an 
adult,  doubtless  laying  its  eggs  in  spring,  and  making  its  principal 
attacks  upon  the  plants  in  June  and  July,  the  beetles  emerging:  in 
the  latter  part  of  July,  and  early  in  August. 

Graphops  hibernates  in  the  larval  condition,  pupates  in  the 
spring,  and  emerges  in  May  and  June.  The  eggs  are  probably 
laid  in  July,  and  the  larvae  make  their  attack  upon  the  plant  in 
August  and  September,  continuing  it  possibly  to  October  as  well. 

As  larvae  all  three  prefer  the  strawberry  roots  and  crowns, 
and  as  far  as  known  depend  strictly  upon  this  food.  If  at  all 
numerous  they  kill  the  infested  plants  very  soon,  since  as  many 
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as  fifteen  or  twenty  grubs  have  been  found  about  the  roots  of  a 
single  plant. 

The  remedies  suggested  for  the  Paria  are  applicable  to  all. 
Prof.  Forbes  makes  the  following  very  practicable  suggestion: 
"To  rid  a  new  field  of  strawberry  plants  it  would  be  wise  to  allow 
the  new  runners  to  set,  in  case  the  new  plants  should  be  suspected 
of  containing  such  root-worms,  and  then  to  destroy  the  recently 
planted  stools  from  which  they  sprang,  leaving  the  field  stocked 
only  with  new  stools,  formed  since  the  plants  were  set  out." 


Fig.  147. — Grmpbops  pubesceast  MeUh, — After  Forbes. 


Fig.  149.— ^odoxtotA 
poncticoUia,  8ay.— 
After  Di  ision  of 
Bntomolo^y,  U.  S. 
Department  of  Agri- 
cnltttre. 


THE  CLOAKED  CHRYSOMELA. 

(Glyptoscelis  crypticus  Say). 

This  is  another  beetle  very  similar  to  Graphops  pubescens, 
but  according  to  Prof.  Saunders  it  devours  the  foliage  of  the 
apple-tree,  as  well  as  that  of  the  oak.  It  is  of  a  thick,  cylindrical 
form,  about  one-third  of  an  inch  long,  with  its  head  sunk  into 
tlie  thorax,  and  the  thorax  narrower  than  the  body.  It  is  of  a 
pale  ash-gray  color,  entirely  covered  with  short  whitish  hair. 
The  closed  wing-covers  have  a  small  notch  at  the  top  of  their 
suture.  At  the  junction  of  the  wing-covers  with  the  thorax  there 
is  a  dusky  spot.     This  insect  is  represented  in  Fig.  148. 
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THE  PLUM  LEAF-BEETLE. 

(Nodonota  tristis  Ol.). 

This  oval  beetle  is  of  a  shining,  dark,  metallic-blue, 
with  legs  and  feelers  yellow  or  chestnut  brown;  some  spec- 
imens are  bronzed,  purplish,  greenish,  or  even  very  dark  brown. 
The  thorax  is  densely  punctuated  with  small  dots.  The  dam- 
age they  cause  is  not  very  great,  although  in  the  South  they  cause 
considerable  injury  by  eating  holes  into  Jie  leaves  of  young  plum 
trees ;  the  peach  and  apple  foliage  is  also  to  their  taste,  as  well 
as  that  of  the  cherry,  shad-berry,  and  choke-cherry,  and  Prof. 
Ashmead  reports  that  they  "gnaw  little  irregular  holes  into  the 
blossoms  and  epidermis  of  the  bolls  of  cotton,  exposing  them  to 
the  weather,  and  causing  them  to  drop." 

The  beetles  are  not  uncommon  in  Minnesota,  especially  up- 
on apple  trees,  but  they  are  not  frequently  seen,  as  they  have 
the  habit  of  hiding  themselves  in  the  folds  of  the  leaves.  The 
eggs  are  known,  but  not  so  the  larvae,  which,  very  likely,  possess 
the  habits  of  related  insects,  i.  e.,  are  found  among  the  roots. 

A  very  similar  beetle,  (Fig.  149),  the  Rose  Leaf -beetle,  {No- 
donota puncticollis  Say),  is  also  found  upon  the  same  kinds  of 
plants,  but  seems  to  prefer  the  wild  rose  and  blackberry;  it  also 
occurs  on  the  young  terminal  leaves  of  willows,  hence  seems  to  be 
a  general  feeder.  If  at  all  numerous  these  beetles  can  be  poisoned 
by  means  of  the  arsenites,  and  as  they  do  not  try  to  escape  by 
flight  they  can  be  captured  in  large  numbers  by  inverted  um- 
brellas. 

There  are  still  other  and  similar  small  beetles  which  are  more 
or  less  destructive  to  our  fruit-producing  plants,  but  none  cause 
very  serious  losses,  and  then  only  at  long  intervals,  when  their 
number  is  increased  by  especially  favorable  climatic  or  other  con- 
ditions. 

Among  the  more  typical  leaf-beetles  we  have  such  forms  as 
the  well  known  Colorado  potato-beetle,  (Doryphora  lO-Uneata 
Say),  originally  a  native  of  the  Rocky  Mountains,  feeding  in  its 
old  home  on  the  sand-burr,  (Solanum  rostratum),  a  plant  related 
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to  the  cultivated  potato.  As  this  beetle  is  not  injurious  to  any 
of  our  fruit-producing  plants,  but  confines  its  attention  solely  to 
such  plants  as  the  potato,  egg-plants,  tomato,  ground-cherry  and 
other  members  of  the  Solanum  family,  it  is  uot  necessary  to  de- 
scribe it  in  detail,  and  only  a  picture  of  it  is  given  to  show  how  it 
differs  from  other  leaf- feeding  beetles.  (Fig-  150  and  151,  Plate 
II).  This  beetle  commenced  its  migrations  toward  the  east  about 
the  year  1859,  reaching  the  Atlantic  Qoast  about  the  year  1874. 
It  moved  from  potato-field  to  potato-field,  and  as  it  had  at  first 
no  enemies  it  increased  most  rapidly  to  destructive  numbers. 
Now  it  has  many  foes  among  other  insects,  birds  and  mammals, 
and  the  farmers  know  quite  well  how  to  fight  it  by  means  of  arsen- 
ical poisons.  In  fact  the  utility  of  Paris-green  was  first  demon- 
strated by  using  it  against  this  insect  and  its  nasty  looking  larvae. 
Similarly  shaped  insets  abound  in  Minnesota,  but  none  are 
especially  destructive,  except,  perhaps,  the  Chrysomela  exclama- 


Pig.  150. — Dorypbora  lOliaeats,  Say.— After  Brehm. 
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Honis  Fab.,  a  smaller  yellowish-red  beetle,  mJirkcd  with  longitu- 
dinal black  lines,  the  outer  ones  on  each  wing-cover  being  inter- 
rupted in  such  a  manner  as  to  look  like  an  exclamation  sign  (!). 
The  beetle  is  sometimes  very  numerous  upon  wild  roses,  destroy- 
ing the  flowers  almost  entirely.  But  as  our  wild  roses  in  the 
prairies  are  decidedly  a  bad  weed  we  should  not  complain  even  if 
it  is  a  rose  that  suffers.  C.  lunata  Fab.,  a  peculairly  colored 
light  brown  beetle,  marked  with  darker  brown,  has  similar  food 
habits. 

Several  other  members  of  the  genus  Chrysomela  are  very 
destructive  to  willows  in  our  wind  breaks.  All  can  be  fought 
by  the  same  means,  i.  e.,  Paris-green  or  London-purple;  these 
arsenites  should  be  used  at  the  rate  of  one  pound  in  from  seventy- 
five  to  one  hundred  gallons  of  water,  and  applied  bv  machines,  of 
which  many  very  effective  and  cheap  ones,  especially  constructed 


Pig.  152.— JL/ii«  tremaitt,  Fab.— After  Brehm. 


Digitized  by  VjOOQIC 


LBAlP-BBBTLBS. 


233 


for  this  purpose,  are  in  the  market.  But  it  should  be  recollected 
that  the  spraying  should  be  done  as  soon  as  the  beetles  begin  feed- 
ing in  spring,  so  as  to  kill  the  adults  before  they  have  deposited 
their  eggs.  Our  people  usually  wait  until  the  damage  caused  by 
all  kinds  of  insects  becomes  plainly  visible,  which  is  not  a  wise 
thing  to  do,  as  in  such  a  case  the  application  of  the  arsenites  will 
simply  check  the  trouble;  the  proper  way  to  do  is  to  nip  the 
evil  in  the  bud,  and  to  do  so  an  early  warfare  is  absolutely  neces- 
sary. 

The  very  similar  genus  Lina  also  contains  numerous  very 
destructive  beetles,  which,  however,  devote  all  their  attention  to 
devouring  the  foliage  of  willows  and  poplars,  in  which  they  suc- 
ceed only  too  well,  as  may  be  seen  in  some  wind-breaks,  which 
are  defoliated  year  after  year  by  these  and  some  other  insects, 
and  to  such  an  extent  that  they  are  as  bare  of  green  leaves  in  sum- 
mer as  during  the  winter.  A  timely  application  of  arsenites 
would  prevent  this  injury,  which,  repeated  year  after  year,  can 
result  in  but  one  way,  the  death  of  the  infested  plants.  It  seems 
as  if  many  persons  did  not  know  the  old  proverb  "an  ounce  of 
prevention  is  worth  a  pound  of  cure." 

One  species  of  Lina  (L.  tremulae  Fab.),  exceedingly  abun- 
dant and  injurious  in  the  north,  is  illustrated  in  Fig.  152,  and 
a  still  more  destructive  kind,  the  L.  scripta  Fab.,  in  Fig.  153.  It 
sometimes  devours  all  the  leaves  of  willows  in  our  wind  breaks. 


6    \     c    \    J 

Fig.  163.— Varieties  of  Lina  acripta,  Fab.— After  Division  of  Bntomolofry,  U.   S. 
Department  of  Asrlcnltnre. 

There  is  another  small  group  of  leaf-feeding  beetles  called 
the  Diabroticas,  They  are  rather  slender  and  soft,  with  long 
feelers;  their  color  is  green  or  yellow,  with  black  spots  or  lines. 
Prof.  Smith,  in  his  book  already  mentioned,  gives  the  following 
account  of  them : 
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"The  adults  feed  on  leaves,  flowers  or  pollen,  but  the  larvae, 
which  are  white  and  slender,  usually  feed  in  the  roots  and  stems 
of  plants.  One  of  our  most  common  forms,  {Diabrotica  vittata 
Fab.),  is  known  as  the  "striped  cucumber-beetle,"  and  is  yellow 
with  black  stripes  on  the  wing-covers.  It  feeds  on  all  kinds  of 
cucurbit  vines,  and  on  many  other  plants  as  well ;  it  does  injury 
by  eating  into  the  stem  of  the  young  shoot  at  or  below  the  sur- 
face, where  it  has  a  tendency  to  hide  during  the  middle  of  the 
day.  The  larvae,  (Fig.  154),  live  in  the  main  roots  under  ground, 
making  short  galleries,  which,  if  numerous,  weaken  or  even  kill 
the  plants.     The  beetles  winter  as  adults.     A  free  use  of  tobacco 


Pis:.  154.— D/a6rot/ca  vittata..   Fab.— After  Division  of  Entomology,   U.  S.  De- 
partment of  Agriculture. 

dust  around  young  vines  or  other  injured  plants  is  usually  pro- 
tective, though  in  some  localities  the  farmers  resort  to  "  driving." 
They  do  this  before  the  middle  of  the  day,  sowing  air-slaked  lime 
with  the  wind,  and  this  seems  to  be  sufficiently  offensive  to  the 
winged  insects  to  induce  them  to  leave  for  fields  to  the  leeward, 
where  they  of  course  become  doubly  injurious  unless  also  driven 
off.  Planting  an  excess  of  seed  to  distribute  the  injury  is  common 
practice,  and  so  is  starting  the  plants  in  baskets  and  setting  them 
cut  when  well  established  and  able  to  resist  injury. 

"Melon  and  other  cucurbit  vines  should  always  be  plowed 
out,  raked  up,  and  destroyed  as  soon  as  possible  after  the  crop  is 
off,  to  destroy  any  larvae  that  may  then  be  in  the  roots.'' 
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It  is  also  a  common  and  very  effective  practice  to  cover  young 
plants  with  a  mosquito-netting,  held  in  position  by  a  slight  frame. 

Such  beetles  are  not  unfrequently  found  in  the  flowers  of 
apple  or  plum,  and  they  are  there  for  no  good  purpose. 

An  allied  and  equally  common  species  feeding  upon  a  great 
variety  of  plants  as  an  adult,  is  the  D.  i2'Punctata,  Oliv.  or  "12- 
spotted  Diabrotica,"  (Fig.  155).  This  is  somewhat  larger  than 
the  preceding,  with  a  more  oval  body,  and  has  twelve  black  spots 
on  the  greenish-yellow  wing-covers.  The  larva  feeds  on  a  variety 
of  plants,  and  becomes  injurious  to  the  com  in  the  Southern 
States.     There  are  two  broods,  the  beetles  wintering  in  the  adult 


Fig.  155.— Dlabrotica  12  punctata,  Oliv.— After  Division   of  Bntomology,  U.  S. 
Department  of  A^^icnltnre. 

Stage.  No  direct  remedy  is  known,  but  good  cultivation  and  a 
liberal  application  of  stimulating  fertilizers  is  advisable  to  enable 
the  corn-plant  to  resist  and  outgrow  attack.  Clean  culture  is 
the  greatest  essential,  and  this  of  itself  will  do  much  to  reduce 
injury. 

In  the  Western  and  Central  States  a  third  species  (Fig.  156) 
is    found,   the   "Corn-root  Diabrotica,"    (D,    longicornis   Say), 
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Fig.  1 56.— Diatf rot ica  longicorniSf  Say.— After  Forbes. 

named  so  from  its  long  feelers.  Its  larva  is  a  very  serious  pest. 
As  this  species  winters  in  the  tgg  stage  in  corn-fields  a  simple 
rotation  is  all  that  is  necessary  to  keep  it  in  check.  It  is  not  found 
in  Minnesota,  at  least  no  specimens  have  been  seen  or  received, 
while  the  two  species  already  described  are  very  common,  and 
the  striped  kind  seems  to  be  rapidly  on  the  increase. 

The  genus  Galeruca,  as  well  as  some  closely  allied  other 
genera,  contain  a  series  of  small  oblong  beetles,  mostly  of  a  dirt>' 
clay-yellow  color,  more  or  less  spotted  or  marked  with  black. 
Some  of  these  beetles  are  very  destructive,  not  alone  to  shade- 
trees,  but  to  fruit-trees  as  well. 

THE   CHERRY   LEAF-BEETLE. 

(Adimonia  femoralis  Melsh.). 

In  a  number  of  states  this  beetle  has  caused  considerable  in- 
jury to  the  leaves  of  plum,  cherry,  and  peach.  Its  natural  food 
is  the  leaves  of  the  native  plum,  into  which  it  eats  numerous  holes. 
In  Minnesota  it  is  common  enough  in  many  locaUties,  especially  in 
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I  he  burned  region  about  Hinckley,  where  the  ''fire  cherry/* 
(Prunus  Pennsylvania)  J  has  taken  full  possession  of  the  ground. 
It  may  be  simply  a  question  of  time  before  it  attacks  the  culti- 
vated trees  in  our  orchards  as  well. 

The  beetle  is  a  small  insect,  measuring  less  than  a  quarter 
of  an  inch  in  length,  and  is  of  a  bright  red  color,  with  feelers, 
eyes,  and  exterior  portions  of  the  legs  black.  It  is  densely  cov- 
ered with  a  coarse  punctuation,  the  punctures  being  separated  by 
distinct  intervals;  the  surface  is  shiny.  Such  beetles  are  most 
abundant  during  June  or  early  July,  and  again  in  September; 
those  appearing  in  June  seem  to  represent  the  hibernated  genera- 
tion, those  appearing  later  are  their  progeny.  As  such  beetles 
have  been  repeatedly  found  along  the  edges  of  woods  early  in 
April,  there  can  be  no  doubt  that  they  hibernate  as  perfect  in- 
sects. 


i  -SKXi^ 


Fig.  167. — Galcruca  xanthomelivna.  Da  im— After  Division  of  Entomology,  U.  S. 
Department  of  Airricnltarc. 
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The  egg  is  oval,  bright  straw-yellow,  the  surface 'deeply  pitted 
with  minute,  rather  irregular  six-sided  areas.  The  larva  is  about 
5  mm.  long,  narrow,  and  tapering  toward  the, end.  According 
to  Mr.  Davis,  it  has  the  head,  legs,  pronottmi  and  terminal  plate 
black ;  on  the  back  of  each  segment  are  two  transverse  rectangu- 
lar dark  spots,  with  two  or  more  smaller  ones  on  the  sides  of  the 
larger  two,  and  beneath  them  there  is  a  longitudinal  block  on  each 
segment.  The  venter  of  each  abdominal  segment  is  marked  with 
five  dark  brown  spots,  the  central  one  being  largest.  These  larvae 
also  feed  on  the  leaves  of  the  cherry. 

To  show  the  general  appearance  of  insects  of  this  group  of 
beetles,  the  ** Elm-leaf  beetle"  (Galeruca  xanthomelaena  Schr.), 
is  illustrated  in  Fig.  157.  It  is  happily  not  found  in  Minnesota, 
at  least  none  have  been  seen  or  received  thus  far;  it  is  another 
of  the  many  undesirable  insects  imported  from  Europe.  It  is 
greenish-yellow  when  fresh,  with  two  black  stripes  on  the  wing- 
covers.  The  yellow,  bottle-shaped  eggs  are  laid  in  double  rows 
on  the  under  side  of  leaves  and  from  them  the  yellow,  black- 
spotted  lar\'ae  hatch,  covered  with  little  bristly  tufts  of  hair. 
When  full  grown  they  crawl  down  the  trunks  to  the  ground,  and 
there  among  the  grass  and  rubbish  on  the  surface  they  change  to 
bright-yellow  pupae;  These  beetles  and  their  larvae  are  exceed- 
ingly injurious  to  the  foliage  of  the  elm  trees,  and  in  the  eastern 
cities  the  authorities  are  forced  to  employ  a  large  gang  of  men 
to  protect  and  save  the  trees  by  spraying  them  with  arsenical 
poisons. 

FLEA-BEETLES. 

This  is  another  group  of  leaf-feeding  beetles,  of  which  many 
different  kinds  occur  in  our  state.  They  are  easily  recog^zed  by 
their  hind  legs,  which  possess  very  large  and  swollen  thighs,  en- 
abling the  insects  to  leap  like  fleas,  hence  the  name  flea-beetles 
(Fig.  158).  But  they  differ  from  fleas  in  that*they  also  possess 
wings  as  well,  which  are  readily  used. 

One  of  the  best  known  of  such  flea-beetles  is  the  "Sumach 
Flechbeetle*'  (Blepharida   rhois    Forst.),    which    is   exceedingly 
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Fig.  158.— Plea  beetles.— After  Brehm. 

numerous  in  our  parks  and  along  the  edges  of  forests,  or  wher- 
ever the  sumach  grows.  Here  the  filthy  larvae,  filthy  because  they 
cover  themselves  with  black  and  slimy  pellets  of  their  own  excre- 
ment, frequently  devour  all  the  leaves  of  these  showy  bushes,  and 
instead  of  being  ornamental  they  become  a  decided  eyesore  to  the 


Fig.  159.— B/cpAar/da  rhois,  Forat.- After  Riley. 
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lover  of  plants  and  the  admirer  of  well  kept  parks.  This  largest 
of  our  North  American  flea-beetles  is  shown  in  all  stages  in  the 
illustration  (Fig.  159).  It  is  a  rather  convex  beetle,  differing 
greatly  in  this  respect  from  other  flea-beetles,  which  are  usually 
very  much  flattened.     The  color  of  the  beetle  is  a  greenish-yellow, 


hb  b  c 

"  Fig.  161. — DionychtL  xantbomelxna,  Dalm.— After  Division  of  Entomology.  U. 
S.  Department  of  AgTicnlttire. 


and  the  wing-covers  are  marked  with  dark  brown  lines  and  dots. 

Our  Minnesota  fauna  is  rich  in  flea-beetles.     Some  quite 

large  ones  are  found  upon  willows ;  they  are  usually  yellow,  with 

broad  or  narrow  black  longitudinal  lines  upon  their  wing-covers; 


Fig.  ie2,—HsiItica%ytnargJaat»,  Say.— After  DiTision  of  Entomology.  ^-  *' 
Department  of  Agrricnttnre. 
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the  pro-thorax  is  in  most  cases  ornamented  with  a  number  of 
dark  spots  arranged  symmetrically.  One  kind  of  such  beetles  is 
frequently  found  squatting  on  the  dry  sidewalks  very  early  in 
spring,  as  if  enjoying  the  warm  rays  of  the  sun.  If  touched  it 
disappears  as  if  by  magic,  doing  so  by  means  of  its  powerful  hind 
legs,  which  enable  it  to  leag  very  long  distances.  One  of  these 
beetles  is  illustrated  in  Fig.  160;  it  is  D,  xanthomelaena  Dalm. 

A  dark  steel-blue  species  of  the  genus  Haltica,  (H.  bimargi- 
nata  Say),  is  sometimes  exceedingly  numerous  and  destructive 
to  the  willows  growing  upon  the  shores  of  our  lakes,  hence  be- 
comes to  a  certain  degree  injurious.     It  is  shown  in  Fig.  162. 

But  not  all  flea-beetles  are  satisfied  with  such  food,  and  to 
the  great  sorrow  of  fruit-growers  some  show  a  most  decided  love 
and  preference  for  the  foliage  of  fruit-producing  plants. 

THE  GRAPE-VINE   FLEA-BEETLE. 

{Haltica  chalyhea  III,). 

This  little  beetle,  very  uncommon  until  the  last  season,  has 
in  some  places  become  a  very  destructive  pest  to  wild  and  culti- 
vated grapes.  It  commences  its  operations  very  early  in  the  sea- 
son, and  indicates  its  presence  before  long  by  eating  the  substance 
of  the  buds  as  soon  as  they  begin  to  swell,  thus  destroying  many 
bunches  of  grapes  in  the  embryo.  Prof.  Saunders  describes  its 
life-history  as  follows: 

'^It  goes  on  with  this  work  for  about  a  month,  when  it  grad- 
ually disappears.  Before  leaving,  however,  the  beetle  provides 
for  the  continuance  of  its  race  by  depositing  little  clusters  of 
orange-colored  eggs  on  the  under  side  of  the  young  vine  leaves, 
which,  in  a  few  days,  produce  colonies  of  small,  dark-brown 
larvae,  which  feed  on  the  upper  side  of  the  leaves,  riddling  them, 
and  when  numerous  they  devour  the  whole  leaf  except  the  larger 
veins,  and  sometimes  entirely  strip  the  vines  of  folijEge.  Fig.  163 
represents  the  larvae  in  various  stages  of  growth  at  work  on  the 
vine,  accompanied  also  by  some  of  the  beetles. 

'*In  two  or  three  weeks  the  larva  attains  its  full  growth, 
when  it  is  a  little  more  than  three-tenths  of  an  inch  long,  usually 
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of  a  light-brown  color,  sometimes  dark,  and  occasionally  paler 
and  yellowish.  The  head  is  black,  and  there  are  six  or  eight 
shining  black  dots  on  each  of  the  other  segments  of  the  body, 
each  dot  emitting  a  single  brownish  hair.  The  under  surface  is 
paler  than  the  upper ;  its  feet,  six  in  number,  are  black,  and  there 
is  a  fleshy,  orange-colored  proleg  on,  the  terminal  segment 

"When  mature  the  larvae  leave  the  vines  and  descend  to  the 
ground,  where  they  burrow  under  the  earth,  and  form  small, 
smooth,  oval  cells,  within  which  they  change  to  dark-yellowish 


Fig.  163.— ffa/f/ca  cAa/j^&ca,  111.— After  Division  of  Entomology,   U.   S.   Depart- 
ment of  Agriculture. 

pupae.  After  remaining  two  or  three  weeks  in  this  condition,  tlie 
beetles  issue  from  them,  and  the  work  of  destruction  goes  on; 
but  since  they  live  altogether  on  leaves  at  this  season  of  the  year, 
of  which  there  is  an  abundance,  the  injury  done  is  much  less  than 
in  the  spring. 

"The  beetle  is  about  three-twentieths  of  an  inch  long,  and 
varies  in  color  from  a  polished  steel-blue  to  green,  and  occasion- 
ally to  a  purplish  hue,  with  a  transverse  depression  across  the 
hinder  part  of  the  thorax.  The  under  side  is  dark  green,  the 
antennae  and  feet  are  brownish-black ;  the  thighs  are  stout  and  ro- 
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bust,  by  means  of  which  the  insect  is  able  to  jump  about  very 
nimbly.  One  of  the  legs,  detached  from  the  body,  is  shown  in 
Fig-  163.*  On  the  approach  of  winter  the  beetles  retire  to  some 
suitable  shelter,  as  under  leaves,  pieces  of  bark,  or  in  the  earth 
immediately  around  the  roots  of  vines,  where  they  remain  inac- 
tive until  the  following  spring.  In  addition  to  the  grape-vine  they 
feed  on  the  Virginia  Creeper,  (Ampelopsis  quinquefolia) ,  and 
the  alder,  (Alntis  serrulata),  and  sometimes  eat  the  leaves  of  the 
plum  tree. 

"Remedies:  To  destroy  the  beetles  it  is  recommended  to 
strew  air-slaked  lime  or  unleached  ashes  around  the  infested 
vines  in  the  autumn,  removing  and  destroying  all  rubbish  which 
might  afford  shelter.  In  the  spring  the  canes  and  young  foliage 
may  be  syringed  with  water  in  which  a  teaspoonful  of  Paris-green 
has  been  stirred  to  each  gallon.  Strong  soap-suds  have  also 
been  recommended,  and  are  deserving  of  trial.  On  chilly  morn- 
ings the  beetles  are  comparatively  sluggish  and  inactive,  and  may 
then  be  jarred  from  the  vines  on  to  sheets  and  collected  and  de- 
stroyed. These  insects  are  much  more  abundant  in  some  sea- 
sons than  in  others." 

THE  LESSER  GRAPE-VINE  FLEA-BEETLE. 

(Haltica  ignita  111.). 

This  little  beetle,  not  much  more  than  half  the  size  of  the 
one  described  above,  varies  greatly  in  different  portions  of  the 
Union,  even  in  different  parts  of  the  same  state.  It^is  polished 
greenish-blue,  dark  blue,  purplish-blue,  copper-colored,  or  even 
brassy.  All  those  found  in  Minnesota  are  dark  blue,  with  a  light 
tinge  of  purple.  Their  habits  are  identical  with  those  of  H, 
chalybea,  hence  it  is  not  necessary  to  describe  them.  They  were 
first  noticed  by  Mr.  J.  W.  Taylor,  who  resides  near  White  Bear 
Lake,  early  in  the  spring  of  1899,  eating  into  the  buds  of  wild 
grapes ;  soon  afterwards  they  attacked  his  cultivated  varieties,  and 
later  the  foliage  of  the  Virginia  Creeper.  Their  work  is  shown  in 
Fig.  164,  Plate  VI.     After  destroying  the  buds  they  continued 
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their  work  upon  the  fully  expanded  leaves,  which  were  riddled  in 
every  conceivable  manner  to  such  an  extent  as  to  destroy  them  en- 
tirely. At  least  two  generations  did  damage.  The  hibernating 
beetles  commenced  the  work,  and  soon  after  their  appearance 
numerous  eggs  were  found  among  the  woolly  substance  of  the 
partly  destroyed  buds.  The  larvae  soon  hatched  and  continued 
the  work,  and  after  passing  the  pupal  stage  in  a  small  earthen  cell 
in  the  ground,  a  new  generation  of  beetles  appeared,  which  did 
not  disappear  until  the  beginning  of  the  warm  weather  in  summer, 
evidently  to  pass  the  rest  of  the  warm  season  and  the  winter  in  or 
near  the  ground. 

It  is  somewhat  difficult  to  ascertain  the  number  of  broods  in 
this  case,  as  some  of  the  adults  lived  for  a  long  time,  and  were 
surrounded  by  other  beetles,  their  own  progeny. 

This  species  promises  to  become  decidedly  injurious,  and 
wherever  it  is  found  should  be  fought  with  arsenites  as  soon  as 
noticed. 

This  is  especially  important,  and  most  successful  in  the  spring 
when  the  culprits  are  still  confining  their  attention  to  the  buds. 
A  very  strong  arsenical  mixture,  one  pound  to  fifty  gallons  of 
water,  with  lime  to  prevent  injury  to  the  plant,  has  afforded  good 
protection. 

THE  APPLE-TREE  FLEA-BEETLE. 

{Haltica  foliacea  Lee), 

This  is  another  little  flea-beetle  about  the  size  of  H.  chalybea, 
but  slightly  more  elongated,  and  of  a  highly  polished  brassy-green 
color.  The  feelers  are  dull  brownish-black  beyond  the  three 
basal  joints,  which  are  obscured  by  short  fine  hairs ;  the  feet  are 
also  dull  brownish  and  pubescent. 

This  beetle  is  not  common  in  Minnesota,  having  been  found 
only  in  the  southwestern  part  of  the  state,  where  it  occurred 
rather  abundantly  feeding  upon  the  evening  primrose,  the  leaves 
of  which  were  entirely  riddled  by  it.  It  was  found  also  upon 
similar  plants  growing  near  the  shores  of  White  Bear  Lake,  and 
I-ake  Minnetonka,  as  well  as  in  Brookings,  South  Dakota,  thus 
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showing  that  it  may  be  much  more  generally  distributed  in  our 
state  than  is  suspected.  In  Missouri,  Kansas,  Nebraska,  and 
Colorado  it  is  a  bad  insect,  especially  so  in  nurseries,  where  it 
riddles  the  leaves  of  the  apple  with  small  irregular  perforations. 
Miss  ]\Iary  E.  Murtfeldt,  whose  work  in  entomological  in- 
vestigations is  so  well  and  favorably  known,  has  published  the 
following  notes  on  the  habits  of  this  beetle  in  "Insect  Life" : 

"I  placed  my  beetles,  received  from  Colorado,  on  fresh  apple 
leaves  and  awaited  developments.  More  than  a  month  elapsed 
i)efore  I  found  eggs  in  the  jar.  On  the  9th  of  July  I  found 
.several  clusters  attached  to  the  stems  and  bases  of  the  midribs  of 
the  leaves.  They  are  generally  in  twos  and  threes,  ranged  side  by 
side.  They  are  about  i  nmi.  in  length,  oblong  rather  than  oval, 
and  of  a  pale,  dull  orange  color,  somewhat  translucent,  and  Prof. 
Popenoe,  who  has  also  obtained  them,  says  that  under  a  high 
magnifying  power  the  shells  are  seen  to  be  minutely  granulated. 
"By  the  17th  of  July  a  number  of  larvcC  had  hatched.  They 
rire  nearly  cylindrical,  of  a  dull  black  color,  and  rather  more  elon- 
j^ate  in  proportion  to  their  diameter  than  the  larvae  of  //.  chalybea. 
IVhen  grown  they  feed  on  the  parenchyma  of  the  leaf,  indiffer- 
ently on  either  surface,  but  later  they  gnaw  holes  in  it  similar  to 
hose  made  by  the  perfect  beetle.  The  first  molt  took  place  in 
;ight  days,  and  two  or  three  of  the  small  larvae  perished  in  the 
)rocess,  being  unable  to  entirely  withdraw  themselves  from  the 
>utgrown  skins.  The  second  molt  occurred  one  week  later,  and 
[1  this  also  one  larva  perished.  During  these  periods  there  are 
10  changes  of  color  or  maculation.  August  2nd  one  larva  had 
ompleted  its  growth,  and  as  it  was  making  its  way  into  the 
arth,  I  put  a  stop  to  its  further  development  by  transferring  it 
>  the  alcohol  bottle.  The  following  characters  are  noted : 
rcnglh  of  mature  larva  from  six  to  seven  mm.,  diameter  one  and 
ae-half  mm. ;  form  cylindrical,  tapering  somewhat  posteriorly ; 
eneral  color  varying  from  dull  black  to  dark  fuscous,  piliferous 
lates  inconspicuous,  of  the  same  shape,  number  and  arrange- 
ents  as  those  of  H,  chalybea,  black  in  color,  but  slightly  polished, 
Lch  giving  rise  to  from  one  to  three  minute  hairs,  head  roundly 
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cordate,  deep  black,  but  not  brilliantly  polished,  pro-legs  well  de- 
veloped, faintly  annulated  at  tlie  joints  with  dingy  white.  The 
larvae  move  about  considerably,  but  in  a  slow  and  rather  clumsy 
fashion,  with  the  tip  of  the  abdomen  appressed  to  the  surface  of 
the  leaf  or  stem  to  assist  in  keeping  them  in  position. 

"The  pupa  is  enclosed  in  a  frail  earthen  cocoon  or  cell,  just 
beneath  the  surface  of  the  ground.  The  pupal  stage  lasts  only 
two  weeks,  when  the  adults  make  their  appearance.  The  insect  is 
also  double  brooded,  the  last  generation  passing  the  winter  in  the 
ground." 


Pig.  165.— fl-a/t/ca  folUcctt,  l>c.— After  Marlatt. 


As  this  beetle.  Fig.  165,  is  apt  to  become  a  serious  enemy  to 
our  nurseries,  their  owners  should  be  on  the  lookout  to  destroy  it 
as  soon  as  it  is  noticed.  It  seems  to  be  changing  its  habits,  de- 
serting its  normal  food  to  become  an  enemy  to  cultivated  plants. 

As  far  as  remedies  are  concerned,  the  experiments  of  Prof 
Popenoe,  of  Miss  Murtfeldt,  and  of  Prof.  Bruner  are  quoted: 
Beetles  like  the  three  species  just  described,  can  be  successfully 
jarred  into  cloth  collecting  frames,  and  if  these  are  saturated 
with  kerosene,  the  beetles  striking  them  will  not  be  able  to  fly 
away,  but  will  perish. 
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There  are  still  other  and  still  smaller  flea-beetles  which  riddle 
the  leaves  of  apple  trees  with  small  holes,  but  the  damage  is  slight, 
since  such  insects  as  a  general  rule  prefer  other  plants  for  food. 

The  Small  Willow  Flea-beetle,  (Crepidodera  Helxincs 
Linn.),  a  very  common  insect^  eating  the  foliage  of  most  of  our 
narrow-leaved  willows,  has  been  repeatedly  found  towards  the 
end  of  June  engaged  in  doing  similar  work  on  that  of  the  apple. 
It  is  one  of  the  most  variable  beetles  we  have,  at  least  so  far  as 
colors  are  concerned,  and  numerous  varieties  have  been  made  on 
that  account.  It  is  usually,  however,  of  metallic  green,  blue, 
coppery  or  golden.  As  a  general  rule  all  leaf-feeding  beetles 
distinguished  by  metallic  colors  vary  greatly  in  this  respect.  This 
beetle  is  still  smaller  than  H,  ignita  mentioned  before.  C.  ruHpes 
Linn.,  illustrated  in  Fig.  i66,  gives  a  good  idea  of  how  such  in- 
sects look. 
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P^ig.  Xfi^.-^Crepidodera,  raGnes^  Linn.- 
After  Division  of  Entomology.  U.  S. 
I>epartment  ot  Agriculture. 


Fig.  1(57.— Bpitr/x  cacumeHs,  Harr.— 
After  Division  of  Entomulogy,  U.  S. 
Department  of  Agriculture. 


A  still  smaller  flea-beetle,  the  Cucumber  Flea-beetle,  (Epitrix 
cucuffteris  Harr.),  and  the  closely  alh'ed  E.  fuscula  Crotch,  are  a' so 
found  eating  holes  in  the  leaves  of  apples.  As  the  former  one  is 
a  very  destructive  beetle  to  all  plants  belonging  to  the  botanical 
order  Solanaceae,  it  is  illustrated  in  Fig.  167.  The  name  "Cu- 
cumber Beetle"  is  surely  a  misnomer,  since  notwithstanding  its 
omnivorous  habits  it  is  practically  confined  to  the  above  order  of 
plants.      The  beetles  are  chiefly  destructive  to  tomatoes,  potatoes, 
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tobacco,  egg-plants,  and  pepper,  and  can  cause  considerable  mis- 
chief to  the  young  and  tender  plants,  into  which  they  eat  numer- 
ous holes. 

The  beetle  is  very  small,  black,  covered  with  rather  thick 
hairs ;  the  feelers  and  legs  are  reddjsh-brown.  It  is  a  very  active 
being,  and  one  very  difficult  to  capture,  being  as  agile  as  a  healthy 
and  vigorous  flea.  In  the  larval  stage  it  feeds  chiefly  in  the 
roots  of  the  tomato. 


Fig.  \68.—Epitrix  pat  win.  Fab.— After  Division  of  Bntotnoloyy,  U.  S.  Depart- 
ment of  Afirricnltnre. 


H.  fuscula  Cr.,  has  once  been  very  destructive  in  hot-house 
flames,  in  which  it  killed  numerous  small  egg-plants;  E.  pan'uk 
Fab.,  so  destructive  to  tobacco  in  the  southern  states,  is  shown 
in  Fig.  i68. 

As  far  as  remedies  are  concerned,  Paris-green  and  London- 
])urple  are  satisfactory  remedies,  and  it  has  also  been  observed 
that  the  Bordeaux  mixture,  used  against  certain  diseases  of 
plants,  when  liberally  used,  acts  as  a  deterrent,  and  thus  serves 
a  double  purpose.  If  poisons  can  not  be  used  a  decoction  of  to- 
bacco is  of  great  benefit,  at  least  if  we  have  to  use  it  only  on  a 
small  scale. 
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THE  REI>HEADED  SYSTENA. 

(Sysfena  frontalis  Fab.)- 

This  common  flea-beetle  has  repeatedly  caused  injury  to  the 
grape-vines  by  eating  the  green  tissues  on  the  upper  sides  of  the 
leaves,  which  in  consequence  discolor  and  wither.  Like  the  other 
liea-beetles  it  possesses  enormous  leaping  powers,  and  as  it  is 
rather  large  and  very  agile,  it  is  no  easy  matter  to  capture  it.  It 
is  about  one-sixth  of  an  inch  long,  with  densely,  but  very  finely 
punctured  thorax  and  wing-covers.  The  head  is  reddish-yellow 
above,  especially  in  front  and  between  the  eyes ;  the  long  feelers 
are  also  reddish,  with  black  basal  joints;  the  underside  is  brown- 
ish-black. Equally  common  is  S,  hudsonias  Fab.,  which  is  en- 
tirely black,  with  dark  rusty-brown  feelers  and  legs. 


Fig.     169.— Sj'Stcna  tfeniata,  Say.- 
After  Forbes. 


Fig.  170.— Pbjrllotreta  vittata.  Fab.— 
After  Division  of  Entomology,  V.  S. 
Department  of  Agriculture. 


Another  species  of  Systena,  illustrated  in  Fig.  169,  is  decid- 
edly injurious  to  the  young  plants  of  the  sugar-beets.  It  is  called 
the  ''pale-striped  flea-beetle"  (S.  taeniata  Say),  and  is  here  illus- 
trated to  show  the  shape  of  insects  of  this  kind. 

Among  the  large  numbers  of  injurious  flea-beetles  at  least  one 
other  should  be  mentioned,  as  it  is  frequently  received  as  being 
very  destructive  to  a  number  of  young  plants,  but  chiefly  to  plants 
belonging  to  the  Critciferac,  as  cabbage,  radish,  mustard,  and  oth- 
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ers.  The  '"Wavy-striped  flea-beetle,"  {Phyllotrela  vittata  Fab.), 
is  illustrated  in  Fig.  170.  It  is  a  minute,  shiny  black  insect  with 
a  distinct  yellow  stripe  through  the  middle  of  each  elytron.  The 
larvae  make  mines  into  the  tissues  of  the  plants  mentioned  above. 
As  a  remedy  it  is  important  to  keep  down  all  cruciferous  weeds, 
in  other  words  to  give  the  land  a  clean  culture,  and  to  remove  the 
remnants  of  the  crop  as  soon  as  possible  and  to  destroy  them. 
The  adult  becomes  even  more  injurious  by  eating  little  pits  into 
the  thicker  leaves,  and  minute  holes  into  the  thinner-leaved  plants 
they  infest ;  in  such  cases  the  use  of  arsenites  or  of  kerosene-emul- 
sion is  of  great  benefit. 

According  to  Prof.  Saunders  this  beetle  is  also  sometimes 
found  to  eat  the  leaves  of  strawberry  plants. 


Fiff.   17 0\^,^PsyUiodc8    species.— After       Pig.  171.— O'/ontota  donalis,  Thunb.. 
Bretam.  ^     larva  and  pnpa.— After  Hopkins. 


Numerous  other  flea-beetles  belonging  to  the  genus  Psylliodcs 
occur  in  Minnesota;  one  of  which  is  shown  in  Fig.  170 Vi. 

A  small  number  of  very  curiously  shaped  beetles  follow  the 
flea-beetles  in  the  classification  of  beetles  usually  adopted.  They 
are  wedge-shaped  beetles,  or  Hispidae,  in  which  the  antennae  art 
thickened,  and  the  elytra  broadened  at  the  tip,  where  they  ter- 
minate rather  abruptly.  In  most  of  these  brightly  colored  beetles 
the  body  is  much  roughened  by  deep  furrows  and  pits.  These 
and  the  tortoise  beetles,  which  follow  next,  also  differ  from  other 
leaf-feeding  beetles  in  having  the  fore  part  of  the  head  promi- 
nent, so  that  the  mouth-organs  are  situated  on  the  underside. 
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The  larvae  of  Hispidae  are  leaf-miners ;  the  eggs  are  covered 
with  a  little  mass  of  excrement,  and  are  laid  singly.  None  of  the 
beetles  are  very  injurious,  with  perhaps  the  exception  of  the  "lo- 
cust-beetle/' (Odontota  dorsalis  Thunb.),  which  is  orange  in  col- 
or, with  a  broad  black  stripe  along  the  suture  of  each  elytron. 
Sometimes  this  species  is  so  abundant  early  in  summer,  on  the 
leaves  of  the  locust,  as  to  cause  considerable  injury,  but  as  the 
beetles  feed  exposed  they  succumb  readily  to  an  application  of 
the  arsenites.  The  larva  and  pupa  of  this  beetle  are  shown  in 
Fig.  171. 

According  to  Prof,  Comstock  the  larv-a  of  0.  rubra  Web.,  a 
beetle  from  one-eighth  to  one-fifth  of  an  inch  long,  of  a  reddish 
color,  with  the  elevated  portions  of  the  elytra  more  or  less  spotted 
with  black,  mines  in  the  leaves  of  apple,  forming  a  blotch-mine. 
The  transformations  are  undergone  within  this  mine,  which  is  also 
formed  in  great  numbers  on  the  leaves  of  linden  or  basswood. 

THE  ROSY  HISPA. 

{Odontota  nervosa  Panz.). 

This  is  a  much  smaller  species,  flat,  rough,  coarsely  punc- 
tuated, the  wing-covers  forming  an  oblong  square,  as  shown  in 
Fig.  172.  There  are  three  smooth,  raised  longitudinal  lines, 
spotted  with  red,  on  each  of  them,  while  the  spaces  between  them 
are  deeply  pitted  with  double  rows  of  dots.  The  head  is  small, 
■  the  feelers  short,  thickened  towards  the  end,  and  the  thorax  is 
rough  above,  and  striped  with  deep  red  on  each  side.  The  under 
side  of  the  body  is  usually  darker  in  color,  sometimes  blackish. 
This  species  varies  a  good  deal,  not  alone  in  size,  but  also  in  color 
and  markings,  and  formerly  a  number  of  species  had  been  made 
of  it,  one  of  which,  (O.  inaequalis  Web.)  is  very  dark,  almost 
uniformly  brownish-black,  with  some  lighter  spots  and  lines.  The 
beetle  is  found  from  the  latter  part  of  May  until  the  middle  of 
June,  and  deposits  its  eggs  on  the  leaves  of  the  apple  tree. 

According  to  Prof.  Saunders,  "they  are  small  and  rough, 
and  of  a  blackish  color,  fastened  to  the  surface  of  the  leaves  some- 
times singly,  and  sometimes  in  clusters  of  four  or  five. 
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"The  larvae  when  hatched,  eat  their  way  into  the  interior  of 
the  leaf,  where  they  feed  upon  its  green  pulpy  substance,  leaving 
the  skin  above  and  below  entire,  which  soon  turns  brown  and 
dry,  forming  a  blister-like  spot.  The  larya,  when  full-grown, 
which  is  generally  during  the  month  of  July,  is  about  one-fifth  of 
an  inch  long,  oblong  in  form,  rather  broader  before  than  be- 
hind, flattened,  soft,  and  of  a  yellowish-white  color,  with  the  head 
and  neck  blackish  and  of  a  horny  consistence.  Each  of  the  thre.- 
anterior  segments  has  a  pair  of  legs ;  the  other  segments  are  pro- 
vided with  small  fleshy  warts  at  the  sides,  and  transverse  rows  of 
little  rasp-like  points  above  and  beneath. 

"The  larva  changes  to  a  pupa  within  the  leaf,  from  which, 
in  about  a  week,  the  perfect  insect  escapes.  Within  these  blis- 
ter-like spots  the  larva,  pupa,  or  freshly  transformed  beetle  may 
often  be  found." 


Fig.  172.— Odonfofa  nervosa,  Panz.-  Fig.  173.— Coptocycls  clavats.  Fab.— 

After  Harris.  After  Riley. 

This  interesting  beetle  is  quite  common  in  Minnesota,  and 
occurs  also  in  regions  where  no  apples  grow,  hence  it  must  be 
able  to  make  mines  in  other  plants  as  well.  The  adult  beetle  hi- 
l)ernates,  and  is  frequently  found  among  dead  leaves  and  rub- 
bish covering  the  ground  along  the  edges  of  forests. 

THE  TORTOISE-BEETLES. 

These  remarkable  beetles  contain  species  that  are  among  the 
most  beautiful  of  all  insects,  being  green,  golden,  or  iridescent. 
Some  in  the  tropics  are  so  brilliant  that  at  one  time  it  was  stylish 
to  use  them  for  jewelry.     Although  not  injurious  to  fruit-produc- 
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ing  plants  they  are  so  curious,  and  so  often  mailed  as  "gold-bugs** 
to  the  entomologist,  that  a  few  words  about  them  may  not  be 
amiss. 

In  these  beetles  the  ovate  and  almost  quadrate  body  is  flat- 
tened below  and  convex  al)Ove ;  the  head  is  nearly  or  quite  con- 
cealed beneath  the  prothorax  and  the  margins  of  the  latter  and  of 
the  elytra  are  broadly  expanded,  in  some  cases  forming  an  almost 
circular  outline,  and  in  this  way  resembling  the  shell  of  a  tortoise. 
This  resemblance  is  heightened  in  at  least  one  case,  (Coptocycia 
clavafa  Fab.),  by  four  dark  projections  of  the  central  dark  color 
of  the  wing-covers,  which  marks  look  like  the  broad  legs  of  a 
turtle  (Fig.  173).  In  another  case  (C.  i^uttata  Oliv.),  only  the 
front  legs  of  a  turtle  arc  painted  upon  the  frontal  sides  of  the 
elytra. 


Fig.  174.. — Copt<>c.vc/a"A>/co/or,'Fal».— After  Riley. 


As  already  mentioned  these  beetles,  when  happy,  are  of  bril- 
liant colors,  sometimes  ornamented  with  black  si)ots  or  longitudin- 
al lines.  One  of  our  most  common  species,  the  Cassida  bicolor 
Fab.,  (Fig.  174),  so  destructive  to  morning-glories  and  sweet- 
potatoes,  is,  during  its  wedding  season,  like  a  drop  of  burnished 
gold,  which  towards  night  is  apt  to  fade  to  a  peculiar  pearly  lus- 
ter. Unfortunately  such  colors  are  not  "fast,"  but  disappear 
after  the  death  of  the  insect.  It  is  even  claimed  that  the  bright 
colors  of  these  insects  are  dependent  upon  the  emotions  of  the 
beetles. 
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Although  the  beetles  are  very  beautiful,  the  larvae  are  as 
nasty?  they  are  flat,  with  long  spines  along  the  margins,  and  in 
addition  they  possess  a  forked  appendage  at  the  fwsterior  end, 
which  serves  a  very  filthy  purpose.  It  is  bent  forward  over  the 
back,  and  to  it  are  attached  thf  cast-off  skins  of  the  larva  and  also 
its  excrement.  The  fork  carrying  such  material  is  borne  like  an 
umbrella.  In  New  Jersey,  Maryland,  and  Virginia,  where  these 
insects  abound  in  the  sweet-potato  fields,  the  larvae  have  received 
the  name  "peddlers,"  since  they  carry  a  "pack."  When  ready 
to  change  to  a  pupa  the  larva  fastens  the  posterior  end  of  its 
body  to  the  underside  of  a  leaf,  and  now  the  skin  splits  open,  and 
is  forced  back,  exposing  a  pupa,  which  soon  gives  forth  a  beetle. 
Wherever  such  beetles  are  numerous  the  young  plants  of  the 
sweet-potato  should  be  dipped  into  arsenate  of  lead  before  tlicy 
are  set  out.  The  sokition  should  be  fifteen  ounces  to  fifty  gallons 
of  water. 


Fig.  17R.— Cassida  bivittata.  Say.- 
After  Riley. 


Pig.  176.— C/re/yiziorpiM  mrgus^lMht.- 
Aftcr  Packard. 


In  Minnesota  we  have  a  number  of  such  tortoise  beetles, 
some  very  large,  and  also  some  that  are  found  on  other  plants 
than  those  belonging  to  the  family  of  Convohmlaceae,  as  the  net- 
tle; and  sunflower.  Cassida  bivittata  Say  (Fig.  175)  frequently 
destroys  the  foliage  of  the  beautiful  morning-glory,  and  the  mudi 
larger  Chelymorpha  argus  Licht.  (Fig.  176)  is  frequently  found 
on  the  raspberry. 

I'AMILY    BRUCHIDAE. 

(Pea-iveevil  family). 

These  well  known  beetles,  so  destructive  to  many  kinds  of 
stored  seeds  of  leguminous  plants,  as  peas  and  beans,  arc  not 
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injurious  to  any  fruit-producing  plants.  They  agree  with  the 
leaf-beetles  in  general  structure,  but  their  small  head  is  prolonged 
into  a  broad  beak  and  the  wing-covers  are  rather  short,  not  cov- 
ering the  tip  of  the  abdomen.  As  an  example  of  these  beetles  the 
Bean-weevil  (Bruchtis  rufimantis  Sch.),  and  the  Pea-weevil  {B. 
pisi  Linn),  are  illustrated  in  Fig.  177.  This  pest  can  be  controlled. 
even  when  still  enclosed  in  the  seed,  by  means  of  bisulphide  of 


Fijf.  177. — Brucbus  ruGmanus,  Sch.,  and  B.  pisi,  Linn.     After  Brehra. 

carbon,  the  seeds  being  kept  in  a  tight  receptacle  for  this  purpose. 
It  should  be  the  rule  of  every  farmer  to  plant  only  sound  seeds, 
and  not  to  throw  away  any  "buggy"  peas,  but  to  destroy  the  in- 
sects in  them  by  boiling,  when  both  peas  and  weevils  can  be  fed 
to  animals. 

2.     HETEROMERA.     (Different  Joints). 

As  already  mentioned  we  find  the  chief  peculiarity  of  the 
beetles  in  this  group  in  the  feet,  the  front  and  middle  pairs  of 
which  are  five-jointed,  and  the  hind  pair  four-jointed ;  the  joints 
of  the  tarsi  are  not  cushioned  beneath,  as  are  those  of  the  leaf- 
beetles.  Many  peculiar  insects  belong  to  this  division,  not  alone 
peculiar  on  account  of  their  shape,  but  also  on  account  of  their 
peculiar  development,  which  has  one  or  two  seemingly  retrograde 
stages  in  some  species  having  parasitic  habits. 
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FAMILY   TENEBRIONIDAE. 

{Darkling  Beetles). 

Nearly  all  the  members  of  this  family  are  of  a  uniform  biack 
or  brown  color,  although  some  are  gray,  and  a  few  are  marked 
with  bright  colors.  There  is  no  uniformity  in  appearance,  but 
in  most  cases  the  feelers  are  more  or  less  bead-like  or  monili- 
form.  They  vary  very  considerably  in  size  and  form  of  the  body, 
which  is  firm,  and  not  solt  as  in  the  case  of  the  blister-beetles  men- 
tioned later.  Darkling-beetles  are  most  numerous  in  dry  and 
warm  regions,  but  we  also  possess  a  fair  representation  in  Min- 
nesota, and  some  of  them  arc  altogether  too  numerous  and  in- 
jurious. Nearly  all  feed  upon  dry  vegetable  matter,  some  tew 
on  partly  decomposed  matter,  and  still  others  under  stones,  un- 
der bark  of  trees,  and  on  fungi.  But  few  are  injurious  to  our 
fruit-producing  plants. 

As  examples  of  such  beetles  a  few  of  the  more  common  and 
destructive  ones  will  be  given  and  illustrated. 

The  MEAL-r.EETLE,  (Tcnebrio  moliior  Linn.),  Fig.  178,153 
very  common  insect  in  our  mills,  stables,  grocery-stores,  pan- 
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Fig.  178.— TcncbWo  molitor,  Linn.— Alter  Division  of  Entomology,  U.  S.  !>« 
partment  of  Agrlcnlture. 
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tries,  in  fact  in  all  dark  places  where  flour  and  meal  is  kept  for 
a  long  time.  These  insects  cause  no  serious  injury,  but  are  far 
from  pleasant  to  have  around.  Their  larvce,  best  known  by  the 
name  of  "meal-wonns,"  are  sometimes  bred  purposely  by  bird- 
fanciers  as  winter  food  for  insectivorous  singing-birds ;  they  are 
raised  in  immense  numbers  in  warm  boxes  partly  filled  with  bran, 
and  in  such  places  they  undergo  all  their  metamorphoses. 

The  beetles  themselves  are  brownish,  flattened,  with  a  square 
thorax  and  deeply  ridged  wing-covers.  The  larva  is  a  cylindrical, 
hard-shelled  worm,  usually  of  a  polished  waxy  yellowish-brown 


af^  C 

Fig.  179. — Ecbocervs  maxillosus.  Fab. — After  Division  of  Bntomoloffy,  U.  S.  De- 
partment of  Agrlcnlttire. 


color,  and  terminates  in  a  two-pointed  posterior  segment;  it  re- 
sembles the  larva  of  the  wire-worm  in  many  ways,  but  is  very 
much  stouter. 

A  dark,  almost  black  and  more  opaque  bettle  is  the  T.obscurus 
Fab.,  which  is  found  in  similar  locations.  Both  are  pests  of 
granaries  and  mills,  and  are  found  in  almost  every  region  of  the 
globe,  being  carried  there  by  commerce. 

A  much  smaller  species,  the  Echocerus  maxillosus  Fab.,  is 
shown  in  Fig.  179.  It  is  of  a  brown  color,  and  further  south  is 
equally  as  much  at  home  in  old  and  neglected  flour. 
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Cleanliness  is  one  of  the  best  remedies  against  such  nocturnal 
insects.  In  extreme  cases  the  fumes  of  bisulphide  of  carbon 
should  be  employed  to  kill  them.  Many  of  these  and  similar 
beetles  have  become  very  numerous  in  our  houses  since  the  in- 
troduction of  prepared  breakfast  foods;  the  spaces  behind  the 
patent  flour  bins  in  pantries  are  also  excellent  breeding  places 
for  such  insects,  as  there  they  are  not  as  often  disturbed  as  they 
ought  to  be. 


Fig.  180. — Blapa  mortisaga^  Linn.,  and  larra.     After  Brehm. 

Fig.  i8o  shows  a  common  beetle  belonging  to  this  family; 
it  is  Blaps  mortisaga,  and  is  found  in  Europe,  like  the  meal-bug, 
in  barns,  stables  and  cellars.  Our  western  plains,  especially  in 
the  warmer  regions,  abound  in  similar  beetles;  they  are  found 
in  large  numbers  beneath  dry  dung,  and  some  of  them  are  very 
peculiar  beings,  having  their  wing-covers  soldered  together,  since 
they  possess  only  rudimentary  true  wings  or  none  at  all.  Fig.  i8i, 
(Plate  I)  shows  a  very  peculiar  insect,  black  and  white  in  color; 
it  is  Zopherus  Haldemani  Salle. 

One  of  the  most  peculiar  beetles  belonging  to  this  family  is 
frequently  received  by  the  entomologist  as  a  great  rarity,  limply 
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because  the  males  have  a  pair  of  enormously  large  horns  on 
the  pro-thorax.  This  beetle,  {Boletothcrus  bifurcus  Fab.),  pos- 
sesses a  very  rough  surface  on  the  body  and  wing-covers,  and  is 
of  a  dirty  brownish  color.  It  feeds  upon  the  large  toadstools, 
(Polyporus),  so  common  on  the  sides  of  dead  and  dying  trees. 
Fig.  182,  Plate  II,  shows  both  sexes  of  this  remarkable  insect. 

A  large  number  of  small  families  of  beetles  follow,  but  none 
of  the  insects  contained  in  them  are  of  any  great  economic  im- 
portance. 

FAMILY   MORDELLIDAE.  *         * 

The  beetles  in  this  family  are  all  small,  some  very  small. 
Some  are  black,  others  are  variegated,  but  all  are  covered  with  a 
silky  pubescence.  Such  beetles  are  found  in  immense  numbers 
during  the  early  summer,  in  many  kinds  of  flowers,  in  which  they 
feed  ufKJn  the  pollen.  In  doing  so  they  are  of  some  importance 
in  cross-fertilization. 


Pig.  183.— Afonfc//«  8-puactata,  Fab.— After  Filey. 

As  may  be  seen  in  the  illustration,  (Fig.  183),  which  shows 
Mordella  8-punctata  Fab.,  they  have  a  very  arched  body,  the 
head  is  bent  down,  and  the  abdomen  is  usually  prolonged  into  a 
slender  point.  They  are  very  active,  flying  readily,  but  they 
usually  try  to  escape  by  the  most  intricate  contortions,  which 
make  it  almost  impossible  to  secure  them,  and  they  usually  drop 
to  the  ground  and  are  lost.  Their  larvae  live  in  rotten  wood  and 
in  the  pith  of  plants. 
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FAMILY    MELOIDAE. 

(Blister-beetles),  • 

Perhaps  the  most  interesting  and  economically  the  most  im- 
portant among  the  Heteroniera  are  the  "Blister-beetles,"  which 
have  received  this  very  appropriate  name  because  they  can  raise 
blisters  on  the  human  skin,  caused  by  a  substance  **cantharidin" 
found  to  a  greater  or  less  extent  in  nearly  all  members  of  this 
family.  To  utilize  them  for  this  purpose  they  are  dried  and 
pulverized,  and  the  powder  thus  obtained  is  made  into  a  paste, 
which  applied  to  the  skin  by  physicians  causes  local  inflamma- 
tion and  a  blister.  Nearly  all  our  common  species  can  be  utilized 
for  this  purpose,  but  the  kinds  generally  used  come  from  Spain 
and  other  European  countries,  hence  are  called  "Spanish-fly," 
(Fig.  184). 


Fijif.  18*. — Spanish  flics.     After  Brehm. 

All  the  beetles  belonging  here  are  soft-bodied  and  of  me- 
dium or  large  size;  their  head  is  broad,  vertical,  abruptly  nar- 
rowed into  a  neck ;  the  pro-thorax  is  narrow  and  cylindrical,  and 
is  narrower  than  the  wing-covers,  which  extend  well  down  the 
sides ;  the  legs  are  long  and  slender,  and  the  feelers  are  in  some 
cases  knotted  in  the  males.  Many  of  the  species  are  brightly 
colored  and  banded,  some  are  metallic  bronze  or  copper,  others 
are  uniformly  gray,  black  or  brown,  with  black  longitudinal 
5tripes,     All  are  leaf-feeders  and  are  found  in  flowers. 
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One  of  our  most  common  species  is  black,  and  occurs  in  large 
numbers  on  the  flowers  of  the  golden  rod.  A  number  of  species 
of  this  family  are  very  destructive  to  the  leaves  of  the  potato, 
bean,  aster,  rose  and  other  plants,  and  one  at  least  is  decidedly  in- 
jurious to  the  flowers  of  the  cultivated  shad-berr}\  This  large 
beetle,  {Pomphopoea  aenea  Say),  called  the  Pear-tree  Blister- 
beetle,  is  also  fond  of  the  leaves  of  apples.  (Fig.  185). 

The  metamorphoses  of  blister-beetles  are  remarkable,  as  they 
do  not  alone  imdergo  wonderful  changes  in  form,  but  the  num- 
ber of  such  changes  is  greater  than  usual  with  beetles.  The 
adult  deposits  a  large  number  of  yellowish  eggs  in  the  ground, 
which  hatch  into  very  active  long-legged  larvre,  that  run  about 
in  search  of  food  consisting  of  the  eggs  of  locusts  and  of  some 
solitary  bees.  Eating  the  eggs  of  locusts  is  a  very  good  habit, 
hence  the  blister-beetles  are  decidedly  beneficial  in  their  larval 
stage,  and  it  is  a  well  known  fact  that  in  a  year  following  locust 
troubles  blister-beetles  become  very  numerous.  In  other  cases 
the  eggs  are  either  laid  on  a  plant  or  on  the  ground,  and  similar 
long-legged  larvae  are  hatched,  which  run  al)OUt  the  flowers  until 
a  proper  kind  of  bee  comes  along,  to  the  hairy  clothing  of  which 
they  fasten  themselves,  and  in  this  way  are  carried  to  the  nest  of 
the  bee,  not  simply  stealing  the  ride,  however,  but  adding  injury 
to  insult,  for  after  quitting  the  unsuspecting  host  it  devours  the 
cg^  or  young  larva  and  later  completes  its  own  transformation, 
meanwhile  feeding  upon  the  accumulated  stores,  the  rightful  own- 
er of  which  it  has  killed. 

These  young  larvae  of  blister-beetles  are  active  little  creatures, 
with  long  legs,  prominent  jaws,  large  heads,  and  are  known  as 
"triungulins." 

The  most  common  of  our  blister-beetles  are  the  uniformly 
gray  Macrobasis  imicolor  Kirby,  (Fig.  151,  Plate  II),  and  the 
black  Epicauta  pennsylvanica  DeG.  As  a  description  of  both  is 
given  in  the  first  annual  report  it  is  not  necessary  to  repeat  it  here. 

If  these  insects,  as  well  as  similar  ones,  should  become  very 
destructive, ^they  can  be  killed  by  a  thorough  application  of  one 
of  the  arsenites,  adding  some  milk  of  lime  to  make  the  poison 
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stick,  and  this  should  be  carried  into  effect  as  soon  as  they  are 
noticed.  In  some  cases  they  can  also  be  driven  to  a  layer  of 
straw,  which  is  then  burned.  But  as  the  larvae  feed  upon  such 
dangerous  material  as  the  eggs  of  locusts,  it  is  in  many  cases  bet- 
ter not  to  kill  the  adults. 

Of  the  larger  and  brighter  species  one  of  the  most  common 
is  a  rather  beautiful  beetle,  the  Cantharis  Nuttalli  Say ;  it  meas- 
ures over  an  inch  in  length,  has  dark,  purplish  or  bluish-green 


FiK,lB5.~PompbopccMieaea,   Fig.  If^Q.-MeJoeaogus-  Fig.  187. — Head  of  Snoat- 
Say.    After  Saunders.  ticoWs,    Say.      After      beetle;  g". ».,  gnlAr  tntnre. 

Harris. 

wing-covers,  and  a  metallic  green  thorax,  head  and  abdomen. 
It  is  sometimes  very  common  in  our  prairies,  where  it  destroys 
wild  roses  and  other  flowers.  It  resembles  the  genuine  Spanish 
fly  very  closely,  and  should  be  gathered  and  sold  to  the  manufac- 
turing chemists. 

The  Oil-beetles  {Meloe  species),  are  also  included,  but  they 
are  not  numerous  enough  to  cause  any  damage.  Our  common 
species,  the  Meloe  angusHcollis  Say,  is  shown  in  Fig.  i86. 

II.     SUB-ORDER  RHYNCHOPHORA. 
snout-beetles;  bark-beetles. 

This  sub-order  includes  beetles  commonly  called  Snout- 
beetles  and  Bark-beetles,  ten  families  of  which  are  represented  in 
North  America.  The  great  peculiarity  of  these  insects  is  found 
in  the  head,  which  is  more  or  less  prolonged  into  a  beak  or  snout, 
sometimes  longer  than  the  remainder  of  the  body,  but  usually 
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shorter.  It  is  either  broad  or  thin,  short  or  long,  straight  or 
curved.  The  small  sharp  jaws  are  situated  at  the  end  of  the 
beak  or  rostrum;  the  labnim  and  palpi  are  small  or  wanting;  the 
slender  feelers  arise  from  the  sides  of  the  beak,  and  are  elbowed 
in  the  middle,  ending  in  a  knob  or  club;  the  rostnun  is  often 
grooved  at  the  sides  for  the  reception  of  the  feelers,  and  the. eyes 
are  small  and  round.  But  the  most  distinctive  character  is  the  ab- 
sence of  the  g^la,  there  being  but  a  single  g^lar  suture,  ( Fig.  187) , 
and  the  epimera  of  the  pro-thorax  meet  on  the  middle  line  be- 
hind the  prosternum.  The  body  is  compact,  and  frequently 
wedge-shaped,  and  not  uncommonly  has  a  ridged  and  pitted  sur- 
face, or  is  raised  into  tubercles.  The  tarsi  are  four-jointed,  each 
joint  strongly  bilobed  and  cushioned  beneath.  None  of  our 
species  are  of  more  than  medium  size,  and  most  of  them  are  very 
small. 

Nearly  all  our  northern  species  of  snout-beetles,  when  dis- 
turbed, feign  death,  and  do  so  most  skillfully  and  persistently; 
the  feelers  disappear  into  the  grooves  in  the  beak,  and  the  latter 
is  bent  under  in  many  cases,  close  to  the  body,  as  are  also  the 
logs,  and  the  beetle  drops  to  the  ground,  closely  resembling  a  bit 
of  twig,  a  bud,  or  a  seed,  and  thus  escapes  detection.  In  the  trop- 
ics, however,  many  of  such  beetles  are  very  active,  and  take  to 
their  wings  almost  as  readily  and  easily  as  the  tiger-beetles. 

Many  of  the  larvae  of  such  insects  live  in  fruit,  seeds,  nuts ; 
others  devour  the  substance  inside  the  stems  of  plants,  and  still 
others  subsist  on  wood.  Larvae  of  snout-beetles  are  usually  more 
or  less  curved,  pale,  and  much  wrinkled,  as  may  be  seen  in  the 
following  illustrations,  which  show  their  structure  as  well  as  that 
of  the  adults  and  pupae. 

FAMILY   RHYNCHrriDAE. 

This  family  includes  small  beetles  in  which  the  elytral  fold 
is  very  feeble,  the  labrum  wanting,  and  in  which  the  mandibles 
arc  toothed  both  on  the  outer  and  inner  side.  The  mandibles  can 
be  widely  spread  apart ;  when  closed  the  outer  tooth  at  the  end 
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of  each  projects  forward,  so  that  two  small  and  acute  teeth  seem 
to  project. 

We  have  a  number  of  such  small  beetles  in  our  state,  one,  of 
which,  of  a  dark  blue-black  color,  covered  with  fine  and  dark  hairs, 
is  rather  common  in  various  flowers  early  in  the  season.  An- 
other species,  {Rhynchites  hicolor  Fab.),  is  polished  red  above, 
excepting  the  snout,  legs,  and  under  side,  which  are  black,  and  is 
sometimes  very  common  and  destructive  to  our  roses.  It  destroys 
both  flower  buds  and  flowers,  and  deposits  eggs  into  the  fruit,  in 
which  the  young  mature.  Both  wild  and  cultivated  flowers  are 
thus  invaded,  but  especially  the  former.  The  beetle  measures 
about  one-fourth  of  an  inch  in  length,  not  including  the  long 
snout  which  is  about  as  long  as  the  abdomen. 

FAMILY  ATTELABIDAE. 

{Leaf-rolling  Snout-beetles). 

Such  beetles  have  neither  an  elytral  fold  nor  a  labrum ;  the 
mandibles  are  flat,  pincer-shaped,  and  toothed  on  the  inner  side. 
They  are  mainly  interesting  from  the  fact  that  the  females  make  a 
compact  thimble-shaped  roll  from  leaves,  in  which  a  single  t^g  is 
deposited,  and  inside  of  which  the  larva  feeds  until  full  grown, 
when  it  leaves  and  enters  the  ground  for  pupation.  It  is  very 
interesting  to  see  the  female  at  work  making  such  a  cradle  for  its 
young,  and  as  at  least  two  species  are  fairly  abundant  in  our  state 
the  lover  of  nature  will  have  but  little  trouble  to  observe  the  whole 
operation.  One  species,  polished  black,  with  a  large  dark-red 
humeral  spot,  occurs  upon  our  oaks ;  it  is  Attelahus  bipustulaius 
Fab.  The  other  species,  A.  rhois  Boh.,  occurs  upon  the  hazel  and 
alder;  it  is  brown  and  densely  covered  with  yellowish-white  hairs. 
The  illustration,  (Fig.  189),  shows  a  thimble-shaped  cradle 
on  oak,  and  Fig.  188,  the  adult  of  A.  afwlis  111. 

Prof.  Packard  describes  the  operation  of  making  such  a 
cradle  as  follows :  ''When  about  to  lay  her  eggs  the  female  begins 
to  eat  a  slit  near  the  base  of  the  leaf  on  each  side  of  the  midrib, 
and  at  right  angles  to  it,  so  that  the  leaf  may  be  folded  together. 
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Before  beginning  to  roll  up  the  leaf  she  gnaws  the  stem  nearly 
off,  so  that  after  the  roll  is  made,  and  has  dried  for  perhaps  a 
day,  it  is  easily  detached  by  the  wind  and  falls  to  the  ground. 
When  folding  the  leaf  she  rolls  it  up  tightly,  neatly  tucking  in 
the  ends  until  a  compact,  cylindrical,  solid  mass  of  vegetation  is 
formed.  .Before  the  leaf  is  entirely  rolled  she  deposits  a  single 
egg,  rarely  two,  in  the  middle  next  to  the  midrib,  where  it  lies 
loosely  in  a  little  cavity.  While  all  this  is  going  on  her  consort 
stands  near  by,  and  she  occasionally  runs  to  him  to  receive  his 
caresses,  then  again  resumes  her  work.  These  rolls  sometimes 
remain  on  the  bushes  for  several  days,  but  probably  drop  by 


.' 


Fig.  XSS.—Attelabus  aaalis.  III. 


Fig.     189.  — Thimble-shaped    cradlea 
oil  oak. 


the  time  the  larva  escapes  from  the  egg,  and  it  seems  probable 
that  the  grub  uses  the  roll  for  a  shelter  until  it  matures  and  is 
ready  to  enter  into  its  transformations  into  a  beetle."  In  Minne- 
sota the  writer  has  frequently  seen  the  female  at  work,  but  in- 
variably she  worked  alone,  no  male  being  near.  In  many  cases 
the  larva  also  changes  to  a  pupa  inside  the  cradle,  and  the  latter  to 
a  beetle,  without  entering  the  ground  at  all.  Evidently  love  does 
not  always  run  as  smooth  here  as  in  the  east  1 
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FAMILY  OTIORHYNCHIDAE. 

{Scarred  Snout-beetles). 

This  family  contains  a  large  number  of  snout-beetles. 
Their  most  distinguished  characteristic  is  the  presence  in  the 
pupal  state,  and  sometimes  also  in  recently  matured  adults,  of  an 
appendage  on  each  mandible,  and  in  the  adult  state  a  scar  indi- 
cates the  place  from  which  the  appendage  has  fallen.  This  scar 
is  on  the  anterior  face  of  the  mandible,  and  frequently  at  the  tip 
of  a  slight  process.     (Comstock). 

Most  of  our  species  are  more  or  less  ornamented  with  scales 
resembling  those  found  upon  the  wings  of  butterflies.  This  is 
very  prominent  in  tropical  species,  where  such  scales  are  fre- 
quently of  metallic  colors,  and  are  exceedingly  beautiful,  and  on 
that  account  are  utilized  by  microscopists  for  forming  baskets 
filled  with  flowers  of  different  shapes  and  colors;  such  baskets 
are  so  minute  as  to  become  plainly  visible  only  under  a  strong 
lens. 

Among  the  beetles  forming  this  family  we  possess  several 
species  which  are  more  or  less  injurious  to  fruit-producing  plants. 

THE  IMBRICATED   SNOUT-BEETLE. 

(Epicaerus  imbricatus  Say). 

This  rather  omnivorous  beetle,  g^wing  holes  in  various 
garden  vegetables,  is  also  found  on  the  apple  and  cherry,  injuring 
them  by  eating  holes  in  the  twigs  and  fruit.  It  is  by  no  means 
common  in  our  state,  but  destructive  in  others,  hence  requires  the 
attention  of  our  fruit-growers.  It  is  a  very  variable  beetle,  but 
usually  of  a  dull  silvery- white  color,  with  darker  markings;  some- 
times two  light-colored  bands  extend  across  the  elytra,  which 
are  striated  with  longitudinal  rows  of  deep  round  pits.  This 
beetle  can  readily  be  recognized  by  the  peculiar  shape  of  the  pos- 
terior end  of  the  elytra,  which  is  very  steep,  cut  off  almost  square- 
ly, and  ends  in  a  sharp  and  pointed  elongation.  If  it  should  ever 
become  more  numerous  tlian  it  now  is,  it  can  be  kept  in  check 
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by  jarring  the  trees,  as  is  done  in  the  case  of  the  plum-curculio 
described  later.  The  illustration  (Fig.  191),  shows  both  shape 
and  size  of  this  beetle  and  that  of  the  egg  and  larva. 

Mr.  Chittenden  describes  the  life-history  in  one  of  the  ad- 
mirable bulletins  of  the  Division  of  Entomology,  issued  by  the 
Department  of  Agriculture.  He  writes  that  these  beetles  are 
sometimes  very  destructive  to  strawberry  plants,  eating  the  leaves, 


Fin.  191. — Bpicarus  imbricatus.  Say.— Division  of  Entomologry,  U.  S.    Depart- 
ment of  Agriculture. 


and  later  the  entire  stem.  "The  eggs  are  elongate,  more  than 
three  times  as  long  as  wide,  somewhat  variable  in  outline  owing 
to  close  deposition,  sub-cylindrical,  sometimes  slightly  curved  on 
one  side,  broadly  rounded  at  each  end,  surface  smooth,  shining 
without  any  apparent  sculpture;  color  light  dull  yellow. '*•  The 
young  larva,  when  first  hatched,  is  uniform  whitish-yellow. 


THE  GRAY    AN. A  METIS. 

(Anametis  grisea  Horn). 

This  is  another  beetle,  (Fig.  192,  Plate  II),  last  season  dis- 
covered for  the  first  time  in  our  orchards  to  be  injurious  to  the 
apple,  in  the  leaves  of  which  it  cats  large  holes ;  it  likewise  eats 
the  tender  bark  of  the  same  tree.  It  has  the  peculiar  habit  of 
hiding  in  the  folds  of  a  leaf  during  the  day,  on  the  underside,  and 
is  here  difficult  to  detect,  as  its  silvery  white  color  blends  well 
with  the  white  down  of  the  leaves.     It  is  easily  beaten  into  an  in- 
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verted  umbrella,  and  if  numerous  could  be  captured  very  readily. 
It  is  a  robust  insect,  about  the  size  of  the  imbricated  snout-beetle, 
of  a  brownish-gray  color.  It  is  not  often  seen,  but  by  beating 
apple  trees,  as  suggested  above,  it  will  be  found  to  be  much  more 
common  than  was  suspected. 

Cercopeus  chrysorhoeus'  Say,  a  similar  beetle,  is  from  time 
to  time  found  on  the  foliage  of  the  grape,  and  a  number  of  others 
occur,  but  very  rarely,  upon  the  flowers  and  foliage  of  some  of 
(  ur  fruit-producing  plants,  but  none  cause  any  extensive  dam- 
age. 

THE   PITCIIY-LEGGKD  OTIORHYNCHUS. 

{Otiorhynchiis  ovatus  Linn.). 

This  beetle,  a  typical  one  of  the  family,  is  getting  very  mi- 
nierous,  and  may,  in  time,  cause  injuries  to  the  roots  and  crowns 
of  straw-berries.  It  has  also  been  reported  as  feeding  upon  the 
leaves  of  the  apple.  Here  at  the  Experiment  Station  it  was  not 
found  until  four  years  ago,  but  now  is  very  abundant,  especially 
very  early  in  spring,  just  after  the  snow  has  disappeared,  and 
again  late  in  autumn.  At  such  times  it  is  found  resting  on  the 
sides  of  houses,  not  far  from  the  ground.  In  autumn  it  is  ready 
to  enter  the  ground  to  hibernate,  and  in  spring  it  leaves  such 
quarters  to  enjoy  the  warmth  of  the  sun.  But  what  attracts  such 
large  numbers  of  beetles  to  houses  is  difficult  to  understand,  es- 
pecially as  these  buildings  are  surrounded  by  well  kept  lawns. 
I'sually  they  can  be  found  hibernating  among  logs  and  pieces  of 
hark  lying  upon  the  ground. 

No  damages  have  been  observed,  but  a  number  of  the  crowns 
and  roots  of  strawberries  received  from  other  parts  of  the  state 
tell  a  sad  story,  as  they  were  excavated  and  killed  by  the  larvse  of 
this  beetle.  They  are  much  more  destructive  than  the  straw- 
berry root-borer,  which  will  be  described  later. 

The  beetle,  illustrated  in  Fig.  193,  is  very  dark-brown,  ahnost 
black ;  the  thorax  is  very  deeply  pitted,  the  pits  being  sometimes 
arranged  in  more  or  less  regular  rows;  the  wing-covers  are 
striated,  and  at  regular  intervals  in  the  striae  are  deep  punctures. 


Digitized  by  VjOOQIC 


SCARRED  SNOUT-BEETLES. 


269 


The  insect  is  very  convex;  the  thorax  has  a  projecting  angle  at 
each  side,  and  the  body  is  almost  egg-shaped. 

Judging  from  the  work  seen  such  snout-beetles  can  become 
very  destructive,  and  it  will  be  difficult  to  combat  them.  Many 
years  ago  a  snout-beetle  infesting  the  roots  of  grasses  was  very 
numerous  in  Druid  Hill  Park,  Baltimore,  Md.,  yet  its  presence 
was  not  suspected  at  all,  as  no  injury  to  the  lawns  was  noticed, 
except  that  the  plants  seemed  to  need  food,  which  was  provided 
them  in  the  form  of  a  very  bad-smelling  manure  obtained  from 
cleaning  hog-bristles  imported  from  Hungary  for  the  manufac- 
ture of  brushes,  etc.     A  liberal  application  of  this  substance  was 
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Fifif.  193.— 'Otiorbjrncbus 
oratas,  Linn. 


Fig.  IQ^.—Aramiges  Futlerl,  Horti.     After  Division 
of  Entomology,  U.  S.  Department  of  Agriculture. 


spread  over  the  lawns,  and  was  followed  by  a  heavy  rain.  Next 
clay  immense  numbers  of  beetles  (Sphenophorus  parvulus  Gyll.) 
could  be  seen  upon  all  the  sidewalks  and  seats  on  and  about  the 
lawn ;  they  were  evidently  driven  out  of  the  ground  by  this  of- 
fensive manure.  Perhaps  this  experience  might  show  us  a  meth- 
od by  which  we  could  combat  this  and  similar  insects. 

Two  other  species  of  the  genus  Otiorhynchus  (O.  sulcatus 
Fab.,  and  O.  picipes  Fab.),  as  well  as  Thricolcpis  simulator  Horn, 
are  known  to  injure  the  apple  elsewhere. 
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puller's  rose-beetle. 
{Aramiges  Fulleri  Horn). 

Some  years  ago  this  insect,  (Fig.  194),  became  very  injurious 
in  the  east  in  some  green-houses  devoted  to  roses.  It  is  an  oval, 
dark,  smoky-brown  snout-beetle,  lightly  covered  with  scales,  with 
a  short  and  obtuse  snout;  it  is  about  one- fourth  of  an  inch  in 
length.  The  eggs  are  laid  in  masses  under  any  sort  of  shelter  on 
rose-bushes,  and  the  white  and  g^ub-like  larvae  hatching  from 
them  feed  on  the  tender  roots  of  roses,  while  the  adults  destroy 
leaves,  flowers  and  buds.  The  attacks  of  the  larvae  weaken  the 
plants,  of  kill  them  outright. 

Since  the  long-lived  beetles  hide  during  the  day  on  the  under- 
side of  the  leaves  they  can  be  collected  and  destroyed ;  the  free  use 
of  a  tobacco  extract  on  the  ground  will  act  both  as  a  fertilizer  and 
as  a  destroyer  of  the  subterranean  grubs.  The  same  beetle  is 
sometimes  a  pest  in  the  orange  groves  of  California,  and  is  re- 
placed by  another  similar  one  in  those  of  Florida. 

A  number  of  other  similar  beetles  might  be  mentioned  as 
being  sometimes  injurious  to  our  fruit-producing  plants,  but  as 
they  are  very  uncommon  in  Minnesota,  it  is  not  necessary,  as  all 
can  be  destroyed  by  the  remedies  already  given. 

FAMILY    CURCULIONIDAE. 

{Genuine  Snout-beetles). 

The  family  CurcuHonidae  is  the  most  important  of  the  fam- 
ilies of  snout-beetles,  including  more  than  one-half  of  all  tlie  in- 
sects of  this  character  fdlmd  in  the  United  States,  and  a  large 
number  of  them  are  most  destructive  insects.  In  this  family 
there  is  a  strong  fold  on  the  lower  side  of  each  wing-cover  near  the 
outer  margin,  which  limits  a  deep  groove  into  which  the  upper 
edge  of  the  abdomen  fits ;  the  mandibles  have  no  scar ;  the  antennae 
are  usually  elbowed,  and  have  a  ringed  or  solid  club ;  the  tarsi  arc 
usually  dilated,  with  the  third  segment  bi-lobed  and  spongy  be- 
neath ;  in  a  few  cases  the  tarsi  are  narrow,  but  not  spinose  be 
neath.     ( Comstock) . 
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The  soft  and  white  larvae  possess  no  feet,  and  feed  chiefly 
on  fruits,  seeds  and  nuts,  but  all  parts  of  plants  are  subject  to 
their  attacks. 

The  female  bores  a  hole  with  her  snout,  and  deposhs  an  tgg 
in  the  hole  thus  formed,  pushing  the  egg  to  the  bottom  of  it  with 
her  beak.  For  this  purpose  the  snout  of  a  female  beetle  is  very 
long,  sometimes  longer  than  the  remainder  of  the  body,  as  may 
be  seen  in  the  acorn  weevil  illustrated  later. 

Although  not  injurious  to  fruit-producing  plants  there  are  a 
number  of  small  snout-beetles  which  are  so  frequently  sent  to  the 
entomologist  as  being  injurious  to  the  roots  of  grasses,  that  a  few 
words  about  them  may  not  be  out  of  place.  The  species  of 
Sitones,  of  which  a  number  occur  in  our  state,  are  all  small,  black- 
ish-gray, covered  with  very  minute  scales,  and  in  some  cases 
marked  with  a  number  of  darker  spots,  interrupted  by  white,  ar- 
ranged in  regular  longitudinal  rows.  Some  species  are  illus- 
trated in  Fig.  195. 


I 


w: 


THE  NEW   YORK   WEEVIL. 

{Ithycems  noveboracenis  Forster). 

This  is  about  the  largest  snout-beetle  we  have  in  onr  state ; 
it  is  not  only  the  largest,  however,  but  also  sometimes  exceedingly 
destructive,  especially  so  in  early  spring,  when  plum  trees  grow- 
ing near  oak  forests  are  badly  injured.  In  such  cases  the  beetles 
congregate  upon  plum  and  other  fruit  trees  in  May  or  early  June, 
eating  the  buds  and  gnawing  into  the  twigs,  chiefly  at  their  base. 
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thus  causing  them  to  break  and  fall.  The  younger  bark  of  twigs 
is  used  as  food  and  numerous  holes  are  eaten  into  it ;  the  tender 
shoots  are  entirely  devoured,  and  later  they  eat  the  leaves  just  at 
their  base.  The  beetle  is  shown  in  Fig.  196;  it  is  from  four  to 
six-tenths  of  an  inch  in  .length,  of  an  ash-gray  color,  marked  with 
black ;  four  whitish  lines,  interrupted  by  black  dots,  are  on  each  of 
its  wing-covers,  and  three  smaller  ones  occur  on  the  thorax.  The 
scutellum,  located  at  the  juncture  of  the  elytra  with  the  thorax, 
is  yellowish.  Such  beetles  frequently  occur  in  swarms  in  nurser- 
ies, where  they  cause  serious  injury  to  the  apple,  plum,  cherr>', 
pear,  peach  and  other  trees.     Fig  196,  Plate  VI,  shows  their  work. 

It  is  quite  abundant  in  the  wooded  regions  of  Minnesota,  but 
is  not  seen  as  often  as  their  numbers  would  warrant,  simply  be- 
cause it  is  a  nocturnal  insect,  hiding  in  the  cracks  of  bark  of  oak 
trees  during  the  day,  and  in  such  places  it  is  almost  impossible  to 
detect  it,  as  it  resembles  the  bark  very  closely  in  color  and  in  mark- 
ings. 

The  larva,  also  shown  in  the  illustration,  is  found  in  the 
twigs  and  tender  branches  of  the  burr-oak,  and  also  in  the  hickory. 
According  to  Saunders,  when  the  female  is  about  to  deposit  an 
egg,  she  makes  a  longitudinal  excavation  with  her  jaws,  a$  shown 


Fijf.  19Q. —Itbjcerva  noroboraccvsis, 
Forst.— After  Riley. 


mim^ 


Pig.  197. — i4p/oD«pecle»-— 
After  Bretam. 
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at  a  in  the  illustration,  eating  upwards  under  the  bark;  afterwards 
she  turns  round  and  places  an  egg  in  the  opening.  The  larva,  b, 
is  a  soft,  foot-less  grub,  of  a  pale-yellow  color,  with  a  tawny  head. 

There  is  but  one  safe  way  to  destroy  this  beetle ;  it  has  to  be 
caught  by  jarring,  the  same  way  as  our  pluni-curculio,  since  it 
also  has  the  habit  of  dropping  to  the  ground  when  alarmed,  as 
most  other  snout-beetles  do.  Paris-green  and  London-purple,  ap- 
plied in  such  a  way  as  to  make  them  stick  to  the  tender  twigs 
and  branches,  will  also  kill  large  numbers  of  this  mischief  maker. 

There  is  a  group  of  small  beetles,  (Apion),  the  larvae  of 
which  usually  feed  in  the  seeds  of  plants,  as  in  those  of  the  false 
indigo,  (Baptisia  tinctoria),  the  seeds  of  the  locust,  and  others. 
To  show  how  these  beetles  look  one  has  been  illustrated,  and.  well 
shows  their  peculiar  form  (Fig.  197).  They  are  equipped  with 
a  long  and  slender  projecting  beak,  have  straight  feelers,  and 


Fig.  198. — Pbytonomua  punctatus.  Fab. — After  Division  of  Entomology,  U.  S. 
Departtnent  of  Ag^rlcnlture. 
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are  very  small,  the  largest  not  measuring  much  more  than  one- 
tenth  of  an  inch,  including  the  beak.  Their  colors  are  blad, 
grayish,  dark  blue,  or  even  greenish;  only  a  few  in  the  United 
States  are  of  a  brighter  color,  such  as  reddish  or  yellowish. 

This  is  a  good  place  to  mention  another  bad  snout-beetlc, 
not  yet  found  in  Minnesota,  but  which  is  working  its  way  in  the 
direction  of  our  state.  It  is  the  Clover  Leaf -beetle  (Phytonomus 
punctatus  Fab.).  It  is  a  large  beetle,  dull  brown  in  color,  with 
indefinitely  striped  elytra,  and  a  short,  stout  beak.  Prof.  Smith 
says  about  it : 

"The  larva  is  green,  its  form  is  well  shown  in  the  figure, 
( Fig.  198),  and  it  feeds  chiefly  at  night,  eating  irr^tilar  holes  into 
the  leaves.  When  full-grown  it  forms  a  peculiar  net-like  cocoon, 
at  or  a  little  beneath  the  surface  of  the  ground,  and  pupates,  be 
coming  adult  a  few  days  thereafter.  The  insects  hibernate  in 
the  larval  stage,  and  their  injury  becomes  manifest  quite  early  in 
the  season,  often  threatening  entire  destruction  of  the  crop  when 
they  are  full-grown.  Fortunately  nature  has  provided  a  check 
for  this  insect  in  a  fungous  disease,  which  in  most  localities  car- 
ries off  the  larvae  annually,  just  before  they  mature,  leaving  only 
a  comparatively  small  proportion  to  perpetuate  the  species.  As 
this  disease  seems  to  occur  in  seasons  of  all  kinds,  and  irrespective 
of  climatic  conditions,  it  can  be  easily  introduced  into  any  locality 
in  which  the  insects  become  destructive.  Affected  larvae  (Fig 
199),  curl  themselves  round  a  spear  of  grass,  or  on  tiic  edge  of 
a  leaf,  and  die,  first  swelling  somewhat  anfl  becoming  gray  in 


Pig.  \99.-^Pbytoaomun  killed  by  dU-  Fig.    200. —PiBsodes    strobi,  Peck.- 

cate.   After  DiTision  of  Entomology,  After  DiTislon  of  Bntomology.  U.  * 

U.  8.  Departmmt  of  Agriculture.  Department  of  A«riicnltnre' 
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color ;  then  they  collapse  and  become  black,  eventually  forming  a 
small,  dried,  black  mass,  utterly  indistinguishable  in  character/' 

We  have  a  number  of  very  noxious  snout-beetles  which  kill 
our  pine  trees.  Only  one  will  be  mentioned  and  illustrated,  (Fig. 
200),  to  show  its  shape.  It  is  the  IVhite  Pine  Weevil,  (Pissodes 
strobi  Peck).  It  is  one  of  the  most  serious  enemies  to  that  tree, 
attacking  the  leading  shoots  in  young  trees,  and  spoiling  their 
shape  entirely.  In  our  extensive  pine  forests  no  remedy  can  even 
be  suggested,  but  in  parks  and  gardens  the  small  ornamental 
trees  of  this  kind  can  be  protected  to  some  extent  by  spraying  the 


Pis.    301.  —  Buropean  species    of 
FiModes.     After  Brehm. 


Fig.  202. — Hjlobius  confusa;  fCby.- 
After  Brehixi. 


leading  shoots  with  carbolated  soap-wash,  to  which  Paris-green  is 
added  at  the  rate  of  one  pound  to  one  hundred  and  fifty  gallons 
of  water  (Smith).  Of  course  the  infested  shoots  should  be  gath- 
ered and  burned.  Fig.  201  shows  a  closely  related  European 
species. 

Equally  bad  are  Pissodes  affinis  Rand.,  and  Hylobitis  con- 
fustis  Kby.     (Fig.  202). 

Another  group  of  snout-beetles  is  composed  of  very  elon- 
gate and  slender  insects,  some  of  which  are  injurious  to 
garden  plants,  and  on  that  account  one  of  them  is  shown  in  the 
illustration  (Fig.  203).  It  is  the  Rhubarb-beetle,  (Lixtis  conca- 
vus  Say).  This  beetle  is  found  early  in  the  season  on  the  leaves 
and  stems  of  the  rhubarb,  but  is  also  found  on  those  of  wild  plants, 
as  on  the  larger  species  of  Rumex.  This  long,  cylindrical  beetle, 
with  a  thick  snout  about  as  long  as  the  head  and  thorax,  is  en- 
tirely covered  with  a  rusty  powder,  which  rubs  off  very  easily, 
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and  exposes  the  dark  slate-colored  body,  which  is  remarkable  for 
its  exceedingly  firm  texture.  In  fact  tliis  insect  is  so  hard  that  a 
common  insect  pin  will  not  perforate  it.  The  beetle  bores  little 
holes  into  the  leaf  and  flower  stems  of  the  plant,  depositing  one 
tgg  in  each,  from  which  a  white,  grub-like  larva  hatches,  which 
devours  the  plant  tissue.  The  insect  is  not  common  in  Minne- 
sota. According  to  Smith,  Webster  and  others,  whenever  the 
leaves  are  regularly  cut  for  the  market  but  little  trouble  is  ex- 
perienced ;  old  leaves  should  be  removed  and  destroyed,  so  thai 


Fig.  203. — Zir fx us  coacar us,  Say.   After 
Webster, 


'!l:^>' 


Pig.  204.— I*ixc»  from  Europe.    After 
Brehm.        M|g 


none  of  them  remain  after  midsummer.  Several  species  of  Lixus 
occur  in  our  state;  a  European  species  foiuid  in  aquatic  plants  is 
shown  in  Fig.  204, 

Among  the  large  number  of  snout-beetles  that  follow  the 
above  genus  in  the  classification  but  few  are  really  injurious,  al- 
though they  occur  in  the  flowers  of  such  plants  as  the  strawber- 
ries, blackberries,  raspberries,  and  others.  Perhaps  two  speclei  oi 
Magdalis  are  an  exception,  as  the  one  (M.  aenesccns  Lee.)  is  fre- 
quently found  upon  the  apple-tree,  and  the  other  {M,  olyra  Hbst) 
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has  the  bad  habit  of  tunneUng,  in  the  larval  state,  into  the  bark 
of  hickory  in  every  direction,  leaving  only  just  enough  tissue  to 
prevent  the  bark  from  warping  away  from  the ^  tree.  Mr,  Bow- 
. ditch  states  that,  *'as  far  as  my  observations  extend,  the  species 
appears  to  prefer  small  trees,  from  four  to  six  inches  in  diameter. 
If  the  tree  is  small  and  very  badly  infested  it  dies  very  quickly, 
and  shortly  after  the  beetles  have  escaped,  the  bark  is  apt  to  flake 


Fig.  206.— Ma^dMlla    olyrn,    Herbst. 
larra;  b,  pupa.    After  Packard. 


Pig.  20Q.—Maf^ali8  armlcolUa, 
Say.     After  Porbcs. 


ufF  and  curl  up  in  quite  large  pieces."  As  a  general  rule,  however, 
this  beetle  prefers  the  red  oaks.  Fig.  205  shows  M.  olyra  Herbst, 
found  abundantly  boring  under  the  bark  of  oak,  and  Fig.  206 
M.  armicollis  Say. 

THE  PLUM  GOUGER. 

( Coccotorus  scutellaris  Lee.) . 

This  destructive  beetle  has  been  described  in  the  "Second 
Annual  Report  of  the  Entomologist,"  but  to  make  this  report  on 
beetles  injurious  to  fruit-producing  plants  more  complete,  it  is  re- 
peated. 

There  is  no  kind  of  fruit  that  promises  so  well  in  Minnesota 
as  the  plum,  and  wonderful  progress  has  already  been  made  in 
the  past  to  improve  our  wild  species,  and  to  create,  by  selection, 
crosses,  or  by  other  means,  new  and  better  varieties,  and  it  seems, 
when  we  look  at  the  samples  of  plums  shown  last  year  at  the  dif- 
ferent fairs,  that  before  very  long  fruit  superior  to  all  other  grow- 
ing" now  will  be  the  result  of  such  painstaking  work.  It  seems  to 
the  writer  that  the  only  true  road  to  success  has  been  chosen,  viz. : 
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to  improve  the  native  kinds,  which  are  known  to  be  hardy,  aiid 
not  to  attenlpt  to  bring  to  our  state  others  found  in  countries 
differing  in  climate  from  ours.  We  have,  in  improving  our  na- 
tive plums,  to  follow  the  same  steps  that  were  taken  in  the  past 
in  Europe  to  change  their  native  crab-apples  into  the  beautiful, 
delicate  varieties  of  apples  now  grown  everywhere.  But  to  grow 
pltim  trees  and  to  harvest  plums  are  two  quite  distinct  things.  A 
little  observation  will  almost  convince  the  horticulturist  that  he  is 
growing  the  plums  not  for  his  own  use,  but  for  that  of  his  ene- 
mies. He  sees  that  after  a  plum  orchard  is  once  established  these 
have  taken  possession  of  the  same  and  seem  to  consider  it  their 
own.  There  are  few  plants  in  Minnesota  that  have  more  enemies 
than  the  plum-tree:  black  knot,  plum  pocket,  powdery  mildew, 
brown  rot,  plum  leaf-blight,  pltun-rust,  leaf-spot  or  gun-shot  and 
others  are  a  few  of  the  more  important  vegetable  foes  of  this  tree, 
while  plant-lice,  such  as  the  plum  tree  aphis,  the  plum  gall-mite, 
many  caterpillars,  the  plum-gouger,  and  the  plum-curculio,  are 
the  more  destructive  insect  enemies. 

The  plum-gouger,  (Fig.  207,  Plate  V),  is  the  most  destruc- 
tive of  the  above  named  insects  in  Minnesota.  It  is  a  reddish- 
brown  snout-beetle,  with  a  peculiar  pruinose,  almost  velvety  sur- 
face, and  is  of  a  very  different  shape  from  the  better  known  but 
less  common  plum-curculio.  In  the  spring  of  1896  the  plum 
trees  on  and  near  the  Experiment  Farm  were  in  full  bloom  and 
promised  rich  returns.  But  before  long  one  flower  after  another 
dropped  off,  and  but  comparatively  few  were  left  upon  the  trees, 
and  in  some  cases  none  remained.  When  the  cause  of  this  trou- 
ble was  investigated  it  was  found  that  this  snout-beetle  was  busily 
engaged  in  gouging  holes  in  the  flower  (see  Fig.  207,  Plate  V), 
which,  in  consequence,  shrivelled  and  dropped.  A  rather  suicidal 
way  of  doing  things,  for  by  acting  in  this  manner  the  beeties 
actually  destroyed  their  future  food  and  home!  As  the  fruit 
grows,  the  female  beetle,  in  depositing  an  egg,  does  not  form  the 
crescent-shaped  mark  of  the  "Little  Turk,"  but  makes  for  this 
purpose  a  small  and  deep  puncture.  Prof.  Bruner  describes  the 
egg-laying  habit  of  the  pliun-gouger  as  follows:    "The  modus 
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operandi  is  very  simple,  and  requires  but  a  minute  and  a  half  to  ^5^ 

two  minutes  for  the  performance  of  the  entire  operation.     She 
first  spreads  out  her  legs  to  their  full  extent,  braces  them,  and 
then  draws  her  beak  or  rostrum  to  as  nearly  a  perpendicular  posi- 
tion as  possible,  then  by  gnawing,  and  with  a  twisting  motion  she 
soon  works  her  snout  into  the  fruit  until  it  is  buried  a  trifle  above 
the  bases  of  the  antennae,  the  latter  being  held  close  against  and 
directed  upward  along  the  rostrum  upon  the  head  while  the  hole 
is  being  made.     She  now  draws  out  her  beak,  and  deliberately 
turns  about,  and  after  a  few  preliminary  thrusts  of  the  ovipositor 
inserts  the  latter  into  the  hole  just  made  with  the  beak,  and  de- 
posits a  single  egg  that  is  of  the  diameter  of  the  puncture.     The 
egg  is  of  a  dirty  whitish,  somewhat  transparent  color,  and   is 
plainly  visible  with  an  ordinary  pocket  lens^  being  uncovered  and 
nearly  flush  with  the  surface.     It  soon  becomes  covered  by  a  heal- 
ing of  the  injured  fruit."     Each  female  deposits  only  one  egg  in 
a  young  plum;  if  more  are  found  it  is  the  work  of  different  fe- 
males.   The  larva  that  hatches  from  such  an  tgg  is  never  exposed, 
hence  can  not  be  killed  by  sprays  with  arsenical  poisons.     In  en- 
tering the  fruit  a  transparent  or  gummy  substance  collects  over 
the  puncture,  as  is  well  shown  in  the  illustration.     The  larva 
feeds  not  only  upon  the  flesh  of  the  plum,  but  upon  the  flesh  of 
the  kernel  inside  of  the  stone.     Here  it  undergoes  its  transfor- 
mation from  a  larva  to  a  pupa  and  to  the  adult  insect,  which 
later  leaves  as  soon  as  strong  enough  to  do  so,  and  searches  for 
hibernating  quarters  in  and  about  the  orchard.     Many  of  the 
plums  that  contain  the  worms  drop,  and  should  be  removed  and 
destroyed,  but  many  others  remain  on  the  trees  long  after  the 
beetles  have  left,  and  some  of  them  are  even  still  fit  for  culinary 
purposes.     There  is  very  little  use  in  spraying.     Jarring  early  in 
the  season,  at  the  time  the  trees  are  in  full  bloom,  or  even  a  little 
sooner,  will  bring  down  many  of  these  injurious  beetles,  and  if 
this  is  done  early  in  the  morning  they  can  be  readily  gathered 
and  killed.     The  jarring  has  to  be  done  in  a  forcible  manner,  as 
the  beetles  cling  very  tightly  to  the  tree. 

Another  species  so  closely  resembling  the  above  species  as 
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Fig.  20S.—Coccotorus  aeutellaria,  Lee.  and  C.  prunicldu,  Walsh.— After  Division 
of  Bntomologry,  U.  8.  Department  of  Ag;riculttirc. 

to  be  almost  indistingfiiishable,  is  found  upon  the  sand-cherry. 
It  has  similar  life-habits.  Both  are  shown  in  Fig.  208,  and  it 
will  be  seen  that  the  difference  between  them  is  but  slight. 

In  the  genus  Anthonomus  we  possesss  a  large  number  of 
beetles,  all  small,  with  modest  colors,  but  with  great  power  of  in- 
jury.    Only  a  few  of  the  more  important  ones  wall  be  given. 

THE  APPLE  CURCULIO. 

(Anthonomtis  quadrigibbns  Say). 

This  is  a  common  beetle  in  Minnesota,  where  it  is  found 
breeding  almost  exclusively  in  wild  crabs  and  haws,  but  it  is 
simply  a  question  of  time  when  it  will  also  attack  the  cultivated 
apple,  which  it  does  in  states  having  older  orchards.  Prof.  Saun- 
ders gives  the  following  description  of  this  insect : 

"It  is  a  small  beetle,  a  little  smaller  than  a  plum-curculio,  of 
a  dull  brown  color,  having  a  long,  thin  snout,  which  sticks  out 
more  or  less  horizontally,  and  can  not  be  folded  under  the  body. 
as  is  the  case  with  many  species  of  curculio.  This  snout  in  the 
female  is  as  long  as  the  body ;  in  the  male  it  is  about  half  that 
length.     In  addition  to  the  prominent  snout,  it  is  furnished  with 
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four  conspicuous  brownish-red  humps  towards  the  hinder  part 
of  its  body,  from  which  it  takes  its  specific  name,  qnadrig gibus. 
Inchiding  the  snout,  its  length  is  a  quarter  of  an  inch  or  more. 
In  the  accompanying  illustration  (Fiq^.  209),  the  insect  is  mag- 
nified ;  a  represents  a  back  view%  b  a  side  view ;  the  outline  at  the 
left  shows  its  natural  size.  Its  body  is  dull  brown,  shaded  with 
rusty  red ;  the  tliorax  and  anterior  third  of  the  wing-covers  are 
grayish. 

'This  is  a  native  American  insect  which  formerly  bred  exclu- 
sively in  the  wild  crabs  and  haws ;  it  is  single-brooded,  and  passes 
the  winter  in  the  beetle  state.     The  beetle  appears  quite  early, 


>  •: 


Fig.  209. — Aathoaomus  quadrigibbas,%a-y.    After  Riley. 


and  the  larva  may  often  be  found  hatched  before  the  middle  of 
June,  and  in  various  stages  of  its  growth  in  the  fruit  during  June, 
July,  and  August. 

"The  beetle  with  its  long  snout  drills  holes  into  tlie  young 
apples,  much  like  the  puncture  of  a  liot  needle,  the  hole  being 
round,  and  surrounded  by  a  blackish  margin.  Those  which  arc 
drilled  by  the  insect  when  feeding  are  about  one-tenth  of  an  inch 
deep,  and  scooped  out  broadly  at  the  bottom  ;  those  which  the 
female  makes  for  her  eggs  are  scooped  out  still  more  broadly,  and 
the  Qgg  is  placed  at  the  bottom.  The  egg  is  of  a  yellowish  color, 
and  in  shape  a  long  oval,  being  about  one-twenty-fifth  of  an  inch 
in  length  and  not  quite  half  that  in  width.  As  soon  as  the  larva 
hatches,  it  burrows  to  the  heart  of  the  fruit,  where  it  feeds  around 
the  core,  which  becomes  partly  filled  with  rusty-red  excrement. 


i\ 
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In  about  a  month  it  attains  its  full  size,  when  it  presents  the  ap- 
pearance shown  in  Fig  209,  which  represents  the  larva  and  the 
pupa  highly  magnified.  Fig.  210  shows  an  infested  apple,  the 
v^g  c,  and  egg-cavity  h. 

**The  larva  is  a  soft  white  grub,  nearly  half  an  inch  in  length, 
with  a  yellowish-brown  head  and  jaws.  Its  body  is  much  wrinkled, 
the  spaces  betw^een  the  folds  being  of  a  bluish-black  color;  there  is 
also  a  line  of  a  bluish  shade  down  the  back.  Having  no  legs,  it  is 
incapable  of  much  movement,  and  remains  within  the  fruit  it 
occupies,  changing  there  to  a  pupa  of  a  whitish  color,  and  in  two 
or  three  weeks,  when  perfected,  the  beetle  cuts  a  hole  through 
the  fruit  and  escapes. 


Pljf.  210. — Applccontainingeggs;  5,  e^K-cavity, 
natural  sixe;  c.  cggr,  much  ejplarfi^ed.  After 
Gillette. 


Piff.  2\X.-AnthonomusBignatus. 
Say.  After  Division  of  Boto- 
molopy.  U.  S.  Department  of 
Agriculture. 


"When  feeding  this  insect  makes  a  number  of  holes  or  punc- 
tures, and  around  these  a  hard  knot  or  swelling  forms,  which  much 
disfigures  the  fruit ;  pears,  as  well  as  apples,  are  injured  in  this 
way.  The  infested  fruits  do  not  usually  fall  to  the  ground,  as  do 
apples  aflfected  by  the  codling  worm,  but  remain  attached  to  the 
tree,  and  the  insect,  from  its  habit  of  living  within  the  fruit 
through  all  its  stages,  is  a  difficult  one  to  destroy.  Picking  the 
aflFected  specimens  from  the  tree,  and  vigorously  jarring  the  tree 
during  the  time  when  the  beetle  is  about,  will  bring  it  to  the 
ground,  where  it  can  he  destroyed  in  the  same  manner  as  recom- 
mended for  the  plum  curculio.  Fortunately  it  is  seldom  found 
in  such  abundance  as  to  do  much  damage  to  the  fruit-crop.  In 
Southern  Illinois,  and  in  some  portions  of  Missouri  it  has  proved 
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destructive,  but  in  most  of  the  Northern  United  States,  and  in 
Canada,  although  common  on,  thorn-bushes  and  crab-apples,  it 
seldom  attacks  the  more  valuable  fruits  to  any  considerable  ex- 
tent." 

THE  CRANBERRY  CURCULIO. 

{Anthdnonius  suturalis  Lec.j. 

About  the  middle  of  July  we  can  find  numerous  beetles  of  this 
kind  in  the  blossoms  of  this  plant,  but  the)r  are  also  found  upon 
many  other  kinds.  The  small  beetle  is  very  variable  in  color,  but 
is  usually  reddish-brown,  with  a  dark  brown  head,  and  a  beak 
about  half  as  long  as  its  body.  The  pro-thorax  is  darker  than 
the  elytra,  and  is  covered  with  short,  whitish  hairs ;  the  elytra  are 
ornamented  with  rows  of  indented  dots,  and  are  in  most  cases 
black  along  the  suture,  which  color  sometimes  forms  a  triangular 
spot  in  the  middle,  of  which  the  whitish  scutellum  is  the  center. 
The  beetle  measures  a  little  over  one-eighth  of  an  inch  in  length, 
including  the  rather  long  beak.  When  the  female  has  selected 
the  bud  of  a  blossom  she  drills,  with  the  snout,  a  hole  through 
the  center,  and  in  this  hole  she  deposits  a  pale  yellow  egg.  This 
done,  she  cuts  off  the  flower  stem,  which  drops  to  the  ground ;  the 
egg  hatches  a  dull  white  grub  with  a  yellow  head  armed  with 
black  jaws  with  which  it  devours  the  inside  of  a  bud,  eventually 
eating  its  way  out,  leaving  a  round  hole  in  the  side  of  the  bud, 
and  transforms  to  a  pupa,  and  soon  afterwards  to  a  perfect  beetle, 
which  may  sometimes  be  seen  feeding  upon  the  berries. 

The  only  remedy  in  such  a  case  is  to  flood  the  cranberry 
swamp,  which  will  drown  the  larvae  and  pupae. 

THE  STRAWBERRY  CURCULIO. 

{Anthonomus  signattis  Say). 

This  is  one  of  the  most  troublesome  of  the  strawberry  insects, 
but  as  yet  is  found  only  in  very  limited  'numbers  in  our  state, 
preferring  here  to  feed  in  the  blossoms  of  the  wild  plants.  Its 
history  is  well  known,  and  the  writer  had  the  doubtful  pleasure 
of  first  observing  its  actions  while  assistant  of  Prof.  Riley  in  Mis- 
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souri.  Prof.  Smith  writes  that  it  **appears  as  a  small,  blackish 
beetle,  with  gray  pubescence,  when  the  buds  are  developing,  and 
lays  an  egg  into  each,  afterwards  puncturing  the  flower-stalk  be- 
low the  bud  so  as  to  check  further  development.  The  larva  feeds 
upon  the  pollen  in  the  unopened  bud  which  affords  sufficient  food 
till  it  attains  its  full  growth,  changing  to  a  beetle  in  midsummer. 
The  insect  attacks  a  number  of  other  flowers  in  the  same  way, 
not  even  confining  itself  to  one  natural  family,  and  its  injury  to 
strawberries  is  of  a  somewhat  intermittent  character,  becoming 
worse  for  a  number  of  years,  then  stopping  suddenly  for  no  ap- 
parent reason.  Only  staniinate  or  pollen-bearing  varieties  are  at- 
tacked, and  the  Sharpless  is  perhaps  the  most  seriously  infested. 
By  planting  chiefly  i)istillate  varieties  the  staminate  rows  may  be 
protected  by  cheap  coverings  until  the  buds  are  ready  to  open, 
and  even  if  only  a  small  crop  is  obtained  on  the  pDllenizers,  the 
main  crop  will  be  safe  without  protection.  Insecticides  have  not 
proved  markedly  useful  in  this  case."  This  species  is  shown  in 
I'igs  211  and  212. 

Many  other  species  of  the  genus  Antlwnomus  are  found  in 
the  flowers  of  apple,  crab,  and  thorn,  and  may  be  more  or  less  in- 
jurious; such  are  A,  profundus  Ixc,  A.  decipieus  Lee,  and  A. 
cratacgi  Walsh,  the  latter  being  often  very  innnerous  in  tlie  flow- 
i  rs  of  the  crab-apples. 

Another  species  of  these  destructive  snout-beetles  has  of  late 
become  very  destructive  in  our  cotton  growing  states,  into  whidi 
it  found  its  way  from  Mexico.  It  is  A.  grandis,  famous  or  rather 
infamous  on  a(;count  of  its  bad  habit  of  eating  into  the  bolls  01 
cotton,  which  it  destroys. 

In  Europe  many  species  of  this  genus  attack  the  flowers  of 
the  apple  and  plum,  and  are  assisted  in  doing  so  by  other  beefles 
belonging  to  the  genus  Rhynchiics  already  mentioned.  The 
writer,  in  watching  the  English  sparrows  in  the  Eastern  States, 
lias  frequently  wondefed  why  these  birds  should  go  to  the  trou- 
ble of  picking  such  flowers  to  pieces,  and  especially  those  of  tlie 
peach.  They  are  so  intent  upon  this  work  that  not  infrequently 
the  great  majority  of  the  flowers  are  destroyed,  and  form  a  white 
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Fia-,  212.— Anthononius  si^natus,  Say.     E)?gs,  larva,  pupa  and  injuries. 
Division  ol  Bntomoiog:y,  U.  S.  Department  of  Agriculture. 
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slieet  beneath  the  tree.  This  action  of  the  sparrows  can  not  be 
(lone  simply  ont  of  slieer  mischief,  but  must  have  another  cause. 
As  these  birds  also  pick  into  similar  flowers  in  luirope  to  find 
beetles  in  them,  there  can  I)e  but  little  doubt  that  this  habit  of  in- 
vestigating flowers  is  so  persistent  that  even  here,  after  many 
^generations  of  sparrows  have  died,  their  off-spring  still  possess 
it.  and  prompted  by  it  search  for  insects  not  found  here  at  all. 

The  next  genus.  Couotrachclus,  also  contains  numerous  de- 
structive members,  chief  of  which  is  the  one  described  in  the  'Tirst 
Annual  Report,"  which  is  quoted  : 


TIIK  PLUM    CURCrLlO. 

(Couotrachclus  ucuuphar  Hbst.). 

We  can  hardly  open  an  entomological  bulletin  issued  by  any 
of  the  eastern,  central  or  southern  states  without  finding  a  de- 
scrfption  of  this  insect,  and  of  the  remedies  that  will  kill  it  and 
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save  the  fruit.  Yet  as  a  very  general  rule  more  is  claimed  for 
such  proposed  remedies  than  is  warranted  by  facts,  and  many  of 
the  measures  have  not  proved  very  satisfactory.  This  is  especial- 
ly true  of  the  application  of  Paris-green  and  London-purple, 
which,  with  the  Bordeaux  mixture,  are  nowadays  a  sort  of  cure- 
all.  All  these  substances  are  of  great  value,  but  as  far  as  the 
"Little  Turk"  is  concerned  we  have  to  depend  for  success  ven* 
largely  upon  other  methods,  which,  though  requiring  much  more 
labor,  are  also  much  more  certain.  Though  so  well  known,  it  is 
perhaps  best  to  give  an  outline  of  the  life-history  of  this  insect, 
which  is  illustrated  in  Fig.  213,  Plate  Til.  As  the  illustration 
shows,  this  snout-beetle  is  less  than  one-fourth  of  an  inch  in 
length,  is  of  a  brown  color  with  four  sealingwax-like  elevated  ex- 
crescences on  the  hard  wing-covers.  The  beetles  hibernate 
among  all  sorts  of  rubbish,  but  prefer  accumulated  leaves  and  simi- 
lar substances.  Early  in  spring,  and  long  before  the  buds  of  the 
plum-trees  open,  they  visit  the  orchards,  and  eat  the  tender  parts 
of  the  tree,  such  as  green  bark  and  buds;  later  they  eat  leaves, 
flowers  and  young  fruit.  Knowing  this  habit  we  can  kill  large 
numbers  of  the  curculios  by  spraying  the  trees  before  the  leaves 
and  flowers  appear.  This  should  be  done  thoroughly,  and  as  the 
foliage  otherwise  so  very  tender  as  regards  arsenical  substances 
is  still  enclosed,  there  is  no  danger  of  injuring  the  trees.  When 
the  flowers  open  we  should  not  spray ;  it  is  more  or  less  useless, 
and  we  run  the  risk  of  killing  many  honey-bees,  which  arc  at- 
tracted to  them,  and  are  very  important,  as  without  them  but  few 
f !  uits  will  set.  As  soon  as  the  latter  have  reached  the  size  of  a 
small  marble  the  female  curculio  commences  to  deposit  her  eggs: 
she  makes  a  crescent-shaped  cut  and  then  separates  and  elevate? 
a  small  flap  into  which  the  egg  is  inserted.  This  peculiar  cres- 
cent-shaped slit  has  given  the  insect  the  name:  "Little  Turk";  it 
is  made  apparently  to  deaden  the  flesh  of  the  fruit,  or  to  delay  its 
rapid  growth,  which  otherw^ise  might  injure  the  enclosed  delicate 
egg.  This  hatches  in  a  few  days,  and  the  whitish  larva  or  worm, 
also  shown  in  the  illustration,  bores  at  once  into  the  interior  of 
the  fnu't  until  it  reaches  its  stone,  which  it  never  enters,  however, 
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as  is  the  case  with  the  plum-gouger,  which  always  does  so.  The 
work  of  the  larva  is  also  shown.  Though  we  can  not  poison  the 
larvae  which  are  hidden  inside  the  fruit,  a  second  spraying  about 
this  time  will  do  some  good,  as  the  females  continue  to  deposit 
their  eggs  for  a  long  time  and  require  some  food.  As  such 
spraying  will  also  kill  many  other  injurious  insects  of  the  plum- 
tree,  it  should  not  be  neglected. 

By  midsummer  the  larva  has  reached  its  full  size,  and  now 
leaves  to  pupate ;  it  does  so  in  the  earth  beneath  the  tree,  and  the 
pupa  soon  changes  to  an  adult  insect.  As  soon  as  able  to  move 
the  freshly  issued  beetles  search  for  hibernating  quarters,  and  are 
not  again  seen  in  the  orchard  until  the  next  spring. 

As  will  be  seen  from  the  above  account  of  the  habits  of  this 
insect,  it  is  not  readily  combatted  by  arsenicaP  poisons,  though 
two  applications  of  them  will  do  considerable  good.  Those  who 
will  apply  either  Paris-green  or  London-purple  for  this  purpose 
should  recollect  that  the  foliage  of  the  plum  is  very  easily  injured 
by  all  arsenical  poisons,  and  that  it  is  absolutely  necessary  to  add 
at  least  equal  parts  of  quick-lime  which  will  neutralize  all  soluble 
arsenic  and  thus  prevent  injury. 

The  old  remedy  of  jarring  the  trees  every  day  or  two  over 
some  sheets  is  after  all  the  most  successful  one ;  in  doing  so  dur- 
ing the  day,  when  these  beetles  are  not  active,  they  drop  very 
readily,  and  can  be  easily  gathered  and  destroyed.  The  trees 
should  be  jarred,  not  simply  shaken.     It  seems  that  by  jarring  we 


Pig.  214.^M«chine  to  catch  plum  curculloi.    After  Lintaer. 
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imitate  the  vibrations  produced  by  the  hammering  of  wook-peck- 
ers,  and  the  curculios  drop  to  escape  them,  while  shaking  simply 
imitates  the  motion  produced  by  the  wind.  There  are  also  a  num- 
ber of  patented  and  unpatented  devices  to  catch  these  insects  by 
machinery,  which  jar  the  tree,  collect  the  beetles,  and  grind  them 
up.  More  can  not  be  expected  from  one  machine !  A  very  sim- 
ple contrivance  to  collect  the  beetles  is  shown  in  Fig.  214.  All 
fallen  fruit  should  be  picked  up  is  a  rule  that  should  be  strictly 
followed  in  every  orchard.  If  the  owners  of  trees  have  no  time 
for  this  purpose,  let  them  permit  turkeys  and  chicken  to  do  so; 
even  hogs  and  sheep  may  be  useful. 


^^^ 
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Fig.  215. — Conotrachclus  nenuphar,  Hbst;  panctures  in  apples.    After  Dirision 
of  Bntomology,  U.  S.  Department  of  Asricaltare 


There  are  many  other  methods  in  vogue,  and  a  few  of  them 
are  of  some  use.  Shingles  laid  close  to  the  trunk  of  a  tree,  the 
fruits  of  which  are  to  be  protected,  will  early  in  the  spring  offer  a 
shelter  for  the  beetles  that  have  fed  upon  the  trees  during  the 
night,  and  which,  towards  morning,  leave  it — on  foot — to  hide 
during  the  day.  By  turning  over  and  inspecting  these  traps  one 
can  destroy  many  beetles. 

Although  the  curculio  is  well  protected  as  long  as  still  en- 
closed by  the  plum,  it  has  nevertheless  many  enemies,  and  these 
destroy  large  numbers  of  the  full-grown  larvae  of  the  '^Little 
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Turk"  when  they  leave  the  fruit  to  enter  the  ground  for  pupation. 
Other  insects  actually  eat  into  the  fruit  as  it  lies  upon  the  ground, 
to  seize  the  larvae,  drag  them  out,  and  eat  them.  Some  of  the 
ground-beetles  mentioned  before  are  of  great  assistance  to  the 
fruit-growers,  and  the  Harpalus  pennsylvanicus  De  G.,  illustrated 
in  Fig.  22,  is  of  special  importance,  as  it  is  very  common  in  our 
orchards.  It's  larva  is  illustrated  in  Fig.  216,  in  the  act  of  de- 
vouring a  curculio  larva.  Other  members  of  this  useful  family 
of  insects  are  also  good  friends,  and  should  be  known  as  such. 


W 


Fijr.  2\Q.~~narpalua  penaaylvaaicus,  DcG;  larva. 
After  Division  of  Bntomologj,  U.  8.  Department 
of  Agrricolture. 


Pig.  217.  —  Chaaliognatbua 
americaaus,  Porst.;  larva 
and  adult.    After  Riley. 


Fig.  217  shows  the  larva  and  adult  of  one  of  our  most  com- 
mon soldier-beetles,  Chauliognathus  americaniis  Forst.  The 
beetles  themselves  occur  in  large  numbers  on  the  flowers  of  the 
golden-rod ;  they  are  yellowish  with  black  markings,  as  shown  in 
the  illustration.  Their  larvae  frequently  work  their  way  into  the 
plum  in  search  of  their  prey  and  do  this  even  while  the  fruit  is 
still  on  the  tree. 


Pi^.   2 IS. -^igalpbua  curcuUoals,  Fitch:  a,  male;   b,  female. 
Bntomoloiryi  U.  8.  Department  of  Agricnltnre. 


After  Division  of 
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The  larvae  of  the  "lace-wing  flies''  are  also  fond  of  such  fai 
morsels  as  the  larvae  of  the  plum  curculios,  and  are  not  slow  to 
utilize  such  food  whenever  they  can  obtain  it. 

Ants  of  many  kinds  destroy  the  helpless  larvae  as  these  leave 
the  fruit  to  enter  the  ground,  and  if  the  latter  is  kept  free  of 
weeds  and  dusty,  many  perish  before  they  succeed  in  entering  it. 
This  again  shows  that  clean  culture  is  of  benefit  in  many  ways! 

It  is  stated  that  large  numbers  of  eggs  of  the  curculio  are 
eaten  by  a  minute  yellow  Thrips,  scarcely  one-twentieth  of  an 
inch  long. 


Pig.    219. — Sigal/jbus   curculloais,   Fitch;   a,  larva;    6.  cocoon:   c,   pupa      After 
DiTision  of  Bntomology,  U.  S.  Department  of  Agricnltnre. 

Besides  such  cannibal  insects  we  possess  other  friends, 
which  are  true  parasites.  At  least  two  species  are  described, 
both  illustrated  in  Figs.  218,  219,  and  220.  In  some  years  such 
parasites  are  fairly  common,  and  do  good  work,  but  as  a  general 
rule  they  do  not  appear  in  sufficient  numbers  to  act  as  an  effi- 
cient check,  and  there  is  but  little  doubt  that  if  we  wish  to  eat 
fine  plums  we  will  have  to  work  for  them,  otherwise  the  curculio 
will  certainly  take  more  than  the  lion's  share. 


Pig.  220.^PoriMoa  coaotracheli,  Riley;  «,  female;  6,  male.    Alter   DItIiIoi  ^ 
Bntomology.  U.  8.  Department  of  AgriciUtiire. 
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THE  WALNUT  CURCULIO. 

(Conotrachelus  juglandis  Lee). 

Looking  at  the  adult  of  this  beetle  we  are  apt  to  imagine 
that  we  have  before  us  simply  a  very  large  specimen  of  the  plum- 
curculio,  with  the  white  band  across  the  posterior  portion  of  the 
wing-covers  whiter  and  more  clearly  marked.  The  sealingwax- 
like  projections,  which  form  such  a  distinctive  feature  in  nenuphar 
are  also  present,  while  in  all  other  species  of  the  large  genus  Con- 
otrachelus they  are  either  simply  indicated  or  entirely  absent. 

The  injury  caused,  to  our  native  walnuts  and  butternuts  by 
these  beetles  is  considerable,  as  they  frequently  take  more  than 
the  lion's  share,  so  that  no  nuts  are  left  for  our  use.  Infested 
nuts  show  the  presence  of  the  worm  inside  by  a  discolored  spot 
upon  the  green  husk,  from  which  dark-colored  masses  not  infre- 
quently project. 

Several  other  species  occur,  for  instance  C.  crataegi  Walsh, 
in  the  fruits  of  hawthorns ;  C.  elegans  Say,  in  the  partly  rolled  up 
leaves  of  the  pig-hickory ^hich  being  cut  off  hang  down,  with- 
er and  turn  black ;  C.  naso  Lee.,  and  C  posficatus  Say,  in  the  fruit 
of  the  haw. 

THE  QUINCE  CURCULIO. 

(Conotrachelus  crataegi  Walsh). 

As  already  mentioned  this  beetle  is  found  in  Minnesota,  and 
eats  in  its  larval  stage  the  fruits  of  the  hawthorn:  but  in  the 
east  it  has  become  rather  destructive  to  the  quince.  As  may  be 
seen  from  the  illustration  (Fig.  221),  it  is  a  broad-shouldered 
snout-beetle,  larger  than  our  enemy,  the  plum  curcuHo,  possessing 
also  a  larger  snout.  It  is  of  an  ash-gray  color,  mottled,  in  fresh 
specimens  with  ochre-yellow  or  white,  with  a  dusky  and  almost 
triangular  spot  at  the  base  of  the  pro-thorax;  there  are  seven 
narrow  longitudinal  ridges  on  the  elytra,  with  two  narrow  rows 
of  rather  deep  pits  between.  It  is  most  commonly  found  during 
the  month  of  June,  when  it  punctures  the  young  fruit,  making 
a  cylindrical  hole  a  little  larger  than  is  sufficient  to  admit  the  tgg ; 
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the  hole  is  a  little  enlarged  at  the  base.  In  it  the  egg  hatches  into 
a  larva,  which  does  not,  however,  penetrate  to  the  core,  but  bur- 
rows in  the  fruit  near  the  surface. 

The  larva,  a  little  larger  than  that  of  the  plum  curculio,  and 
having  a  narrow  dusky  line  down  the  back,  matures  m  about  four 
weeks,  when  it  leaves  the  quince  by  a  cylindrical  opening  and 
drops  to  the  ground.  Into  this  it  burrows  to  a  depth  of  several 
inches,  remaining  there  until  spring,  when  it  transforms  to  a  pupa, 
and  soon  afterwards  to  a  beetle.  This  also  feeds  upon  the  quince, 
sometimes  penetrating  deeply  into  it.  It  also  occasionally  attacks 
the  pear. 

Like  the  plum-curculio  it  can  be  collected  in  large  numbers 
by  jarring;  fruit  infested,  which  falls  prematurely  to  the  ground, 
should  also  be  gathered  and  destroyed. 


Pinr.  221.— Coaotracbclas  crataegi, 
Walsli.    After  Riley. 


Pisr.   222.— 'Tjloderma  fragarite,   Ril.    After 
Riley. 


It  seems  that  all  members  of  the  genus  Cono tracheitis  possess 
similar  food  habits,  and  many  other  plants  besides  the  fruit-pro- 
(iucing  ones  are  infested;  for  instance,  the  C.  Ussxinguis  Lee,  so 
frequently  found  along  the  shores  of  tide  water  swamps  in  the 
showy  flowers  of  the  Hibiscus,  feeds  as  a  larva  in  the  bolls  of  that 
plant. 

There  are  some  species  of  a  closely  allied  genus,  (Chalcoder- 
mus),  which  are  found  as  beetles  upon  the  fruit  of  the  dewberrv' 
and  blackberry,  which  they  destroy.  The  writer  has  also  seen 
them  in  large  numbers  upon  human  excrement  containing  the 
seeds  of  these  berries. 
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THE  STRAWBERRY   CROWN -BORER. 

(Tyloderma  fragariae  Ril.). 

These  beetles  are  not  frequently  seen,  but  the  work  of  their 
larvae  is  apt  to  become  very  prominent,  as  all  strawberry  plants 
infested  by  them  are  sure  to  perish.  The  beetle,  shown  in  Fig. 
222y  is  about  one-sixth  of  an  inch  long,  of  a  leathery-brown  color, 
with  two  large  black  spots  on  the  sides  of  the  elytra,  which  spots 
are  set  off  very  clearly  in  fresh  specimens,  as  in  such  cases  they 
are  bordered  with  heavy  white  scales,  which,  however,  have  almost 
disappeared  in  older  ones.  The  prothorax  is  deeply  and  uniform- 
ly pitted. 

Like  a  number  of  similar  and  closely  allied  beetles,  it  pre- 
tends to  be  dead  when  disturbed,  and  plays  possum  most  perfectly, 
having  the  rather  sliort  and  thick  beak  completely  hidden  beneath 
the  head  and  thorax,  and  the  legs  are  folded  together  and  bent 
at  the  same  time  so  that  no  one  would  believe  that  this  objeci 
could  be  a  living  insect.  The  beetles  appear  in  June  and  July,  and 
deposit  eggs  about  the  crown  of  the  strawberry  plant ;  when 
hatched  the  young  larvae  enter  the  crown,  burrow  downward, 
and  bore  and  excavate  the  substance  of  the  crown  until  full 
grown,  when  they  appear  as  represented  at  a  in  the  illustration. 
After  changing  to  a  pupa  the  adult  beetle  appears  during  the 
month  of  August. 

Old  strawberry  plants  are  more  liable  to  injury  than  new 
ones,  and  the  only  remedy  we  possess  is  to  dig  up  and  burn  the 
plants  suspected  of  containing  such  larvcX  as  soon  as  the  fruiting 
season  is  over. 

A  number  of  similar  beetles  occur  in  flowers  and  upon  the 
grape-vine,  but  as  far  as  known  cause  no  injuries.  Both  the  pol- 
ished black  T.  aereum  Say,  and  the  rougher  T.  foveolatum  Say, 
which  is  ornamented  with  white  scales  arranged  in  spots,  lines, 
and  bands,  are  common  in  Minnesota. 

The  illustration,  (Fig.  223,  Plate  III.)»  shows  a  very  remark- 
able snout-beetle  (Tachygonus  Lecontei  Gyll.),  which  feeds  on  the 
leaves  of  oak.    It  gave  the  writer  a  good  illustration  of  the  truth  of 
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the  old  maxim :  "there  is  nothing  new  under  the  sun."  He  found  a 
specimen  of  this  odd-looking  being,  and  wondered  why  it  should 
possess  such  long  legs,  and  of  such  peculiar  shape.  By  spending 
much  time  he  discovered  that  the  beetle  in  flying  to  a  young  oak- 
tree  near  by  approached  the  under  side  of  a  leaf  and  threw  the 
legs  upwards  when  they  performed  the  action  of  an  anchor  and 
fastened  the  insect  to  the  desired  spot.  When  writing  down  his 
observations  he  happened  to  consult  a  very  old  entomological 
work,  and  found  to  his  intense  surprise — ^and  disgust — that  thi^ 
fact  had  already  been  recorded  in  the  year  of  his  birth. 

THE  GRAPE  CURCULIO. 

(Craponius  inaequalis  Say). 

This  almost  globular  snout-beetle,  illustrated  in  Fig.  224,  is 
by  no  means  common  in  our  state,  but  has  been  repeatedly  taken 
from  grapes,  hence  should  be  mentioned.     It  is  only  about  one- 


Fig.  224,. — Craponius  inasqaati8,^B.j.    After  Riley. 

tenth  of  an  inch  long,  black,  thickly  punctated,  an,d  sprinkled 
with  scales  forming  grayish  spots  or  dots.  Tt  seems  to  pass  the 
winter  in  the  perfect  state,  laying  eggs  on  the  young  berries  of  the 
grape  during  June  or  early  in  July.  The  young  larva  enters  the 
berry  and  feeds  upon  it,  showing  its  presence  by  a  discoloration 
on  one  side  of  the  same.  A  dark  circular  dot  can  be  detected  in 
this  discolored  spot,  which  indicates  where  the  larva  has  entered. 
Notwithstanding  this  injury,  the  affected  berry  does  not  decay, 
but  remains  sound  and  hard,  although  it  sometimes  drops  to  the 
ground  before  it  is  fully  ripe.  The  enclosed  yellowish-white  and 
translucent  larva  is  an  elongated  footless  grub,  with  a  large,  homy, 
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brownish-yellow  head,  which  reaches  its  full  size  late  in  July  or 
early  in  August,  when  it  drops  to  the  ground,  and  entering  the 
same  changes  to  a  pupa,  and  later  to  a  beetle. 

Much  of  the  injury  caused  to  the  berries  of  the  grape  is 
caused  by  a  small  moth,  the  grape-berry  moth,  illustrated  in  the 
"Fourth  Annual  Report,"  and  not  all  the  blame  should  be  laid  at 
the  door  of  this  beetle,  which  is  seldom  numerous  enough  to  cause 
any  serious  injury.  If  this  should  ever  happen  it  can  be  gath- 
ered by  jarring  the  vine  over  an  inverted  umbrella. 

Similar  in  size,  shape  and  general  markings  are  a  large  num- 
ber of  snout-beetles  found  in  Minnesota.  None  of  them  are  of 
much  economic  importance,  with  the  exception,  perhaps,  of  one 
species,  which  forms  gall-like  swellings  on  the  roots  of  cabbage. 
To  show  their  appearance  the  illustration,  (Fig.  225).  is  repro- 
duced. 


Fig.  326.— Cabbage  Carculio.     Alter  Brebm 


[.• 


There  is  another  large  group  of  snout-beetles,  scwnc  mem- 
bers of  which  are  very  numerous  in  Minnesota,  that  deserve  a 
passing  notice,  and  the  description  of  a  few  injurious  ones  will 
be  given,  which,  with  the  illustrations,  will  give  a  general  idea 
as  to  how  they  appear. 

The  Potato-stalk  Borer  {Trichobaris  ynotata  Say)  is 
fairly  common.  It  is  a  small  ash-gray  snout-beetle,  about  one- 
sixth  of  an  inch  in  length,  with  a  black  snout  and  three  small 
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black  spots  at  the  base  of  the  wing-covers  (Fig.  226).  The  a^h- 
gray  color  is  produced  by  the  numerous  scales  of  that  color,  which 
uniformly  cover  the  beetle,  and  the  black  spots,  sometimes  ven 
plainly  marked  but  in  other  cases  entirely  absent,  seem  to  be  pro- 
duced by  the  removal  of  such  scales.  Western  species  are  mostly 
unicolored,  eastern  possess  three  larger  or  smaller  spots.  This 
beetle  deposits  eggs  in  the  stems  and  larger  branches  of  the  po- 
tato, Jimpson  weed,  and  perhaps  other  Solanaceae;  the  resulting 
white  larvae  feed  there  until  midsummer,  when,  at  the  time  the 


Pig,  226. -^Trichobaria  3.  aotata,  Say.     After  Smith. 

I)lant  matures,  they  change  to  pup?e  and  beetles,  the  latter  remain- 
ing in  the  burrows  until  spring.  Knowing  their  life-history  it  is 
of  course  very  simple  to  suggest  the  proper  remedy,  i.  e.,  to  bum 
the  dead  potato-vines  as  soon  as  the  crop  is  harvested. 

Many  other  and  similar  snout-beetles  are  found,  which,  as  a 
rather  general  rule,  are  polished  black,  witli  numerous  fine  strise 
upon  their  wing-covers. 

THE  GRAPE-VINE  CVLL-BEETLE.    . 

{Anipeloglypter  Sesostris  Lee). 

This,  as  well  as  A.  ater,  produces  curious  gall-Iike  swellings 
on  the  stems  of  the  grape-vine,  which  have  received  the  name 
Vitis  vulnus  Ril.     Such  galls  are  not  uncommon  on  the  wild  and 
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cultivated  grape  vines,  being  elongated  knots  or  swellings,  usually 
situated  immediately  above  or  below  a  joint,  as  shown  in  Fig.  227. 
Frequently  the  gall  shows  a  longitudinal  depression  on  one  side, 
dividing  it  into  two  prominences,  usually  distinguished  by  a  rosy 
tint.  The  architect  of  such  a  gall  is  a  small  beetle  about  one- 
eighth  of  an  inch  long,  of  a  reddish-brown  to  black  color,  with  a 
rather  stout  beak,  half  as  long  as  its  body.  The  entire  beetle  is 
highly  polished ;  the  thorax  is  punctated,  and  the  wing-covers  are 
without  any  markings,  but  have  a  sort  of  wavy  surface,  in  certain 
lights  producing  the  effect  of  being  marked  as  shown  in  the  illus- 
tration. The  adult  insect  is  found  early  in  July;  the  female  at 
this  time  punctures  the  stem  of  the  vine,  and  deposits  an  egg  which 


Fig.  221  .—Ampeloglypter  Sesostria,  Lcc.     After  Riley. 

soon  hatches  into  a  whitish  grub  that  feeds  within  the  swollen 
part  of  the  vine.  It  remains  inside  the  gall  until  June  of  the  fol- 
lowing year.  A  full  grown  larva  is  about  a  quarter  of  an  inch 
long,  white,  cylindrical,  footless,  with  a  large  yellowish  head. 
During  June  it  changes  to  a  pupa,  and  soon  afterwards  to  a  per- 
fect beetle. 

These  beetles  are  not  numerous  enough  to  cause  any  exten- 
sive damage,  and  as  the  galls  can  readily  be  seen,  they  can  be 
cut  off  and  burned.  Since  we  trim  our  vines  in  the  autumn,  be- 
fore burying  them  in  the  ground  to  prevent  freezing,  there  is  no 
danger  that  this  snout-beetle  should  ever  become  injurious,  and 
especially  if  we  gather  the  cut  off  vines  and  burn  them.  Our 
numerous  wild  grapes,  however,  will  always  produce  a  crop  of 
such  beetles. 

A  related  species,  the  A.  ater  Lee,  which  is  very  similar  to 
the  Sesostris,  forms  gall-like  swellings  on  the  leaf-stalks  of  the 


Digitized  by  VjOOQIC 


298 


GENUINE  SNOUT-BEETLES. 


Virginia  creeper,  and  in  this  case  at  least  the  beetles  mature  in- 
side them  before  the  summer  is  past,  indicating,  perhaps,  that  it  is 
double-brooded. 

Still  another  similar  but  larger  beetle  is  frequently  found  up- 
on the  grape  vines  and  other  plants ;  it  is  Madams  uiidulatus  Boh., 
and  is  a  very  singular  looking  insect,  very  highly  polished,  en- 
tirely black,  and  with  a  bright  reddish  pro-thorax.  The  surface 
of  the  wing-covers  are  undulating,  hence  the  specific  name. 

The  genus  Balaninus  contains  a  number  of  very  peculiar 
beetles,  frequently  called  "Nut-Weevils"  (Fig.  228).     All  of  them 


Pig.  228.— Nat- weevil.    After  Brehtn. 


confine  their  attention  to  the  different  kinds  of  hazelnuts,  chest- 
nuts, acorns,  and  hickory  nuts;  hence  are  injurious  where  nuts 
as  chestnuts  and  pecans  are  grown  for  the  market. 

In  Minnesota  we  have  a  large  number  of  such  beetles,  and 
the  lover  of  freshly-picked  hazel  nuts  is  frequently  greatly  dis- 
appointed in  finding  a  fat  worm  instead  of  a  sweet  kernel.  Pcopk 
buying  chestnuts  are  equally  disgusted  with  their  bargains  and 
for  the  sam.e  reason.  The  great  majority  of  acorns  are  equally 
infested.    All  our  species  of  So/amnuj.are  large  beetles. 
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THE  CHESTNUT  WEEVIL. 

(  Balaninus  caryatrypes  Boh.)- 

As  this  species  shows  the  forms  of  all  members  of  this  genus 
it  is  described  and  illustrated  in  Fig.  229.  It  is  the  largest,  and 
like  the  others,  of  a  clay-yellow  color,  marked  with  brown  spots 
arranged  in  wavy  lines.  It  has  an  exceedingly  long  and  slender 
black  beak,  which  in  the  female  is  longer  than  the  entire  insect, 
and  is  gracefully  curved;  in  the  male  the  rostrum  is  not  much 
longer  than  the  wing-covers.  Dr.  Le  Conte,  in  his  work  on  "The 
Rhynchophora  of  America,"  remarks  that  the  beak  of  these 
beetles  attains  in  length  and  attenuation  the  greatest  development ; 


•^i 


.  229  ^Batmaiaus  carjairjpest  Buh. 
__fter  DivlBion  of  Bntomology.  U.  S. 
Department  of  Afirricnltrire. 


Pig.  230. — Balaninus  rectvSt  Saj. 
After  DiviBion  of  Bntoinology.  D. 
S.  Department  of  Agricalture. 


in  the  male  it  is  rarely  shorter  than  the  body,  in  the  female  it  is 
frequently  twice  the  length,  and  is  used  to  make  the  perforation 
into  which  the  egg  is  subsequently  introduced.  The  great  thick- 
ness of  the  husks  of  the  fruit,  (chestnuts,  walnuts,  hickory  nuts, 
etc.)  attacked  by  these  insects  necessitates  a  very  long  perfor- 
ating instrument  to  reach  the.  kernel  upon  which  the  larva  feeds. 
The  chestnut  is  often  badly  infested  by  this  large  white  maggot 
with  a  yellowish  head,  which  attains  its  full  size  at  the  time  the 
nuts  drop.  It  is  found  in  nuts  sent  to  the  market,  and  it  is  prob- 
able that  while  some  of  the  maggots  gnaw  their  way  out,  and  enter 
the  ground  in  the  autumn  to  transform,  others  delay  until  the 
spring,  and  this  is  but  natural,  as  the  adults  are  found  almost 
throughout  the  warmer  portions  of  the  year,  depositing  eggs  dur- 
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ing  the  greater  part  of  this  period.  The  worms  devour  nearly 
one- third  or  one-half  of  the  interior  of  the  nut,  part  of  the  cavity 
being  filled  with  the  castings  of  the  worm.  As  the  grub  is  white 
it  is  liable  to  be  overlooked  and  eaten  vyitli  the  chestnut;  when 
mature  it  leaves  through  a  round  hole  and  drops  to  the  ground, 
into  which  it  enters  to  some  depth,  and  here  it  hibernates,  chang- 
ing to  a  beetle  in  the  spring. 

People  in  more  southern  regions,  who  raise  chestnuts  for  the 
market,  lose  considerably  by  the  attacks  of  this  grub.  The  only 
remedy  against  the  beetle  consists  in  gathering  the  nuts  as  soon 
as  they  fall,  and  either  shipping  them  at  once,  or  else  storing  them 
in  tight  boxes  and  barrels,  from  which  the  larvae  can  not  escape. 
Here  they  gather  in  large  numbers  at  the  bottom,  and  can  easily  be 
killed  with  boiling  water. 

We  have  a  number  of  species,  which  are  found  in  acorns.  B. 
rectus  Say,  one  of  them,  is  illustrated  in  Fig.  230. 

FAMILY   BRENTHIDAE. 

[Brethids). 

Only  a  single  species  is  found  in  our  state,  the  family  being 
confined  to  tropical  regions,  where  a  large  number  of  very  peculiar 
forms  exist.     Our  species,  the  Eupsalis  7mnuta,  Drury,  although 


Pis:.    2S1.— Eupsalis    miauta,    Drury. 
Riley. 


After 


Fig.  232— Brest  Ao»  ancborsgo 
Linn  ;  male  and  female.  After 
Brehm. 
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quite  odd  in  appearance,  does  not  give  a  good  idea  of  its  southern 
relatives,  some  of  which  ai^e  exceedingly  long,  almost  linear.  E. 
minuta  (Fig.  231),  occurs  as  larva  in  the  solid  wood  of  oak- 
trees.  The  male  of  the  adult  insect  possesses  a  broad  and  flat  snout, 
equipped  with  powerful  jaws ;  the  female  has  the  head  prolonged 
into  a  slender  one.  The  males  fight  desperately  with  their  beaks, 
and  are  even  said  to  assist  the  females  in  forcing  their  slender 
beak  into  the  solid  wood  by  grasping  it  with  their  own,  so  that 
with  united  strength  a  hole  for  the  reception  of  the  egg  is  formed. 
Fig.  232  shows  the  two  sexes  of  such  interesting  insects  from 
warmer  regions. 

FAMILY  CALANDRIDAE. 

(Bill  bugs;  Grain-weevils.) 

In  this  family  the  lateral  edge  of  the  meta- thorax  and  of  the 
abdomen  fits  into  a  groove  in  the  wing-cover,  the  surface  of  this 
groove  has  a  pearly  luster.  The  pygidium  of  both  sexes  is  un- 
divided, and  may  be  covered  or  uncovered  by  the  wing-covers, 
but  it  is  not  surrounded  by  them  at  the  edge,  as  in  the  Scolytidse ; 
the  tibiae  are  not  serrate ;  the  antennae  are  elbowed ;  and  the  la- 
brum  is  wanting.  The  larvae  of  the  larger  species  bore  into  the 
stems  of  plants,  while  those  of  the  smaller  species  infest  grains  and 
s<.*eds.     (Comstock) . 

As  none  of  these  beetles  are  destructive  to  fruit  producing 
plants,  only  a  few  of  the  better  known  and  most  destructive 
kinds  will  be  described  and  illustrated. 

The  large  genus  Sphenophoriis  is  well  represented  in  our 
state  and  many  species  are  found,  especially  along  the  shores  of 
our  lakes,  where  they  occur  at  certain  seasons  in  remarkably  great 
numbers. 

The  most  common  species  are  S.  ochrciis  Lee,  and  ^^  costi- 
pennis  Horn.  The  former  feeds  in  the  roots  of  Scirpus,  and  is 
shown  as  larva  and  adult  (Fig.  233).  It  varies  greatly  in  color,  but 
perfectly  fresji  specimens  are  ochreus,  marked  with  whitish  and 
blackish  longitudinal  lines. 
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Prof.  Smith  writes  as  follows  about  such  beetles :  "In  many 
localities  com  is  attacked  soon  after  it  shows  above  ground  by  in- 
sects known  as  'Corn  Bill-bugs/  (In  eastern  Maryland  and  Vir- 
ginia they  call  corn  injured  by  such  beetles  'Frenchy/  in  the 
same  way  in  which  they  call  the  Thrasher,  a  singing  bird  inferior 
in  song  to  the  Mocking-bird,  the  ^French  Mocking-bird*). 
These  belong  to  the  genus  Sphenophortis,  and  are  blackish  or 
brown,  rarely  gray  in  color,  varying  from  one-fourth  to  one-half 
an  inch  in  length,  with  very  thick  and  hard  wing-covers,  which 


Fig.  233. — Sphenopborus  ocbreas,  L^c;  larva  and  adnlt.    After  DiTition  of  Bnf- 
molofy,  U.  S.  Department  of  Agricnlture. 

are  ridged  and  punctured,  as  is  also  the  thorax.  They  iiide  in 
the  soil  at  the  base  of  the  corn-plants  during  the  day,  and  kill  them 
by  boring  little  round  holes  in  the  stem.  They  are  most  frequent- 
ly after  timothy,  especially  on  old  sod ;  or  when  com  follows 
sedges  or  bulb-rooted  grasses.  It  is  in  such  places  that  the  larvse 
live  naturally,  pupating  in  fall  or  early  spring,  and  the  beetles, 
finding  that  their  natural  food  is  gone  on  spring  plowed  land, 
attack  the  corn,  which  replaces  it,  and  is  nearly  enough  like  it  to 
be  to  their  taste.  The  period  of  injury  is  usually  short,  and  if 
replanting  is  delayed  a  little,  the  new  shoots  escape  attack.  Fall- 
plowing  old  timothy-sod  or  sedge-land  is  always  indicated,  and 
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will  generally  serve  to  reduce  if  it  does  not  entirely  prevent  in- 
jury." 

Some  other  closely  related  beetles  are  only  too  well  known. 
They  are  the  grain  and  rice-weevils,  belonging  to  the  genus  Caian- 
dra.  These  insects,  similar  in  shape  to  those  just  mentioned  but 
hardly  exceeding  one-eighth  of  an  inch  in  length,  infest  stored 
grain  of  all  kinds  and  have  become  almost  cosmopolitans,  being: 
brought  to  nearly  all  parts  of  the  globe  by  commerce.  They  are 
black  or  brownish-red,  sometimes  marked   with  lighter-colored 


PfK.  234. — CAlADdra.  grAnariA,  Linn.;  a,  beetle;   ^>,  larva;  c,  pnpa;  d.  C.  oryga. 
Lian.'All  enlarged.   After  Division  of  Entomology,  U.  S.  Department  of  Agriculture. 

spots  as  indicated  in  the  illustration  (Fig.  234^).  Wherever 
grain  of  all  kinds,  or  rice,  is  stored  for  any  length  of  time,  these 
insects  are  sure  to  be  attracted,  and  are  as  certainly  apt  to  mul- 
tiply very  rapidly,  so  that  before  long  the  grain-bins  are  overrun 
by  myriads  of  them.  In  some  mills,  breweries  and  similar  places 
they  are  so  numerous  that  they  become  a  very  great  pest,  and  it 
is  difficult  to  get  rid  of  them  in  such  places.  The  only  preven- 
tion is  cleanliness  and  the  rapid  removal  of  stored  grain.  They 
prefer  dark  places,  therefore  a  flood  of  sunlight  will  prevent  their 
rapid  increase.     After  removal  of  the  grain  all  cracks  should  be 
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made  tight,  so  as  to  do  away  with  hiding  places.  In  bins  that 
can  be  made  fairly  tight,  these  insects  can  easily  be  controlled  by 
the  use  of  bisulphide  of  carbon.  This  is  poured  on  the  grain, 
covering  it  afterwards  with  canvas  or  any  other  similar  material 
to  prevent  the  too  rapid  escape  of  the  fumes,  which,  being  heavier 
than  air,  gradually  permeate  the  entire  mass,  killing  everything 
in  it  without  causing  any  injury  to  the  seeds  themselves.  It  is  best 
to  do  this  work  after  working  hours,  at  all  events  away  from  any 
fire,  as  the  fumes  of  this  chemical  are  inflammable,  and  may  other- 
wise kill  the  insects  in  a  most  unexpected,  though  very  effective 
way. 

Numerous  other  and  similar  insects  are  often  found  under 
the  bark  of  trees,  especially  that  of  the  pine.  All  such  beetles 
are  very  similar  in  shape,  most  are  highly  polished,  others  are 
roughly  punctured  and  gray. 

FAMILY    SCOLYTIDAE. 

(Bark-beetles,  Engrai'er-beetles) . 

** Engraver-beetles"  are  so  named  because  they  make  burrows 
of  more  or  less  regularity  between  the  bark  and  the  sap-wood, 
as  may  be  seen  in  the  illustration,  (Fig.  235),  which  illus- 
trates the  work  of  the  Hickory-bark  Borer,  (Scolytus  4rSlnnosus 
Say).  Some  of  these  beetles  are  also  called  "shot-hole  boreK.'* 
from  the  little  round  holes  with  blackened  edges  which  they  make 
in  wood  and  bark ;  and  still  others  are  called  "Ambrosia  Beetles,'* 
because  the  insects  actually  plant  the  spores  of  a  fungus  in  the 
burrows  made  in  solid  wood  upon  which  they  and  their  larvae  live. 
Most  of  the  members  of  this  large  family  attack  forest  trees,  and 
those  interested  in  them  should  read  the  excellent  work  of  TOr. 
Packard,  already  referred  to. 

Bark-beetles  are  mostly  small,  some  almost  microscopic,  the 
larger  ones  rarely  exceeding  a  quarter  of  an  inch  in  length.  Their 
form  is  cylindrical,  the  hind  end  of  the  body  is  frequently  ven" 
blunt,  or  even  cut  off  squarely ;  the  feelers  are  short ;  elbowed  or 
bent  in  the  middle,  ending  in  knobs  at  the  tip ;  the  tibiae  are  usu- 
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Vig.  235. — a,  work  of  Boatricbas;  b,  that  of  Bccoptogaster,    After  Brehm. 


ally  serrate,  and  the  pygidium  is  surrounded  at  the  edge  by  the 
wing-covers,  which  have  the  fold  on  the  inner  side  well  de- 
veloped. In  many  cases  the  edges  of  the  declivity  of  the  wing- 
covers  are  toothed  or  serrated  in  various  ways,  though  in  others 
they  are  normal.  They  also  differ  from  the  other  snout-beetles  in 
possessing  a  very  short  snout,  which  is  scarcely  more  than  a  slight 
prolongation  of  the  head. 

The  larvae  are  similar  to  those  of  the  genuine  Curculionidae , 
but  have  stronger  jaws  to  adapt  them  for  boring  into  hard  wood. 
Their  method  of  doing  so  is  very  peculiar,  and  differs  in  the  dif- 
ferent genera  composing  this  family.  Some  bore  between  the 
bark  and  solid  wood,  several  working  from  a  common  center; 
the  burrows,  which  gradually  widen  to  the  place  of  exit,  radiate 
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in  all  directions,  making  fanciful  carvings  and  engravings  on  the 
inner  side  of  the  bark  and  the  surface  of  the  wood,  hence  the 
name  "engravers." 

Many  species  have  a  habit  similar  to  the  one  quoted  by  Prof. 
Comstock  from  Dr.  Lindemann,  who  writes :  "that  in  the  case  of 
Tomicus  typographus  the  original  tunnel  is  beg^n  by  the  male, 
who  makes  a  little  chamber  in  the  bark;  afterwards  the  female 
comes  to  him  in  this  chamber,  and  later  she  continues  tlie  mine 
begun  by  her  mate,  making  the  long  central  tunnel  from  which 
the  tunnels  of  her  off-spring  extend.  Thus  we  see  that  all  the 
members  of  a  single  family  have  a  share  in  making  one  of  thc^^e 
engravings." 

Whenever  a  tree  has  been  invaded  by  a  number  of  such  in- 
sects the  trees  are  killed,  and  in  other  cases  the  timber  is  greatly 
injured  by  the  burrows  in  the  solid  wood.  It  seems  as  if  these 
beetles  preferred  sick  or  dying  trees,  in  .which  case  they  act  sim- 
ply as  scavengers,  removing  the  dead  material  to  make  room  for 
new  growth.  Beside  forest  trees,  fruit-trees  are  also  attacked  by 
some  members  of  this  large  family,  and  in  some  very  few  cases 
even  the  roots  of  the  clover  suffer. 

Those  interested  in  such  beetles  should  not  fail  to  read  the 
important  work  of  Dr.  A.  S.  Packard,  published  by  the  U.  S.  De- 
partment of  Agriculture,  entitled:  "Insects  Injurious  to  Forest 
and  Shade  Trees,"  or  the  most  interesting  paper  on  "Ambrosia 
Beetles"  by  H.  G.  Hubbard  in  a  recent  bulletin  (No.  7)  of  the 
Division  of  Entomology,  Washington,  D.  C,  and  the  valuable 
bulletin  (No.  56)  of  the  West  Virginia  Experiment  Station  bv 
A.  D.  Hopkins. 

THE  APPLE  BARK-BEETLE. 

(Monar thrum  mali  Fitch). 

In  the  genus  Monarthrum  the  sexes  are  alike,  and  the  males 
assist  the  females  in  forming  new  colonies.  Mr.  Hubbard  writes; 
"The  young  are  raised  in  separate  pits  or  cradles,  which  they 
never  leave  until  they  reach  the  adult  stage.     The  galleries,  con- 
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structed  by  the  female  beetles,  extend  rather  deeply  into  the  wood, 
with  their  branches  mostly  in  a  horizontal  plane  (Fig.  236). 

"The  mother  beetle  deposits  her  eggs  singly  in  circular  pits 
which  she  excavates  in  the  gallery  in  two  opposite  series,  paral- 
lel with  the  grain  of  the  wood.  The  eggs  are  loosely  packed  in 
the  pits  with  chips  and  material  taken  from  the  fungus  bed,  which 
she  has  previously  prepared  in  the  vicinity,  and  on  which  the  am- 
brosia has  begun  to  grow. 


V    iJJL—AM\ 


Piff.  236.— BnrrowB  of  Monartbrum  mall.  Pitch.    4fter  Divlaion  of  Bntomology. 
U.  S.  Department  of  Agriculture. 


"The  young  larvae,  as  soon  as  they  hatch,  eat  the  fungus 
from  the  chips,  and  eject  the  refuse  from  their  cradles.  At  first 
they  lie  curled  up  in  the  pit  made  by  the  mother,  but  as  they  grow 
larger  they  deepen  their  cradles  with  their  own  jaws,  until,  at 
full  growth  they  slightly  exceed  the  length  of  the  larva  when 
fully  extended.  The  larvae  swallow  the  wood  which  they  exca- 
vate, but  do  not  digest  it.  It  passes  through  the  intestines  un 
changed  in  cellular  texture,  but  cemented  into  pellets  by  the  ex- 
crement, and  is  stained  a  yellowish  color.  The  pellets  of  excre- 
ment are  not  allowed  to  accumulate  in  their  cradles,  but  are  fre 
quently  ejected  by  them,  and  are  removed  and  cast  out  of  the 
mouth  of  the  boring  by  the  mother  beetle.  A  portion  of  the  ex- 
crement is  evidently  utilized  to  form  the  fungus  garden  bed.    The 
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mother  beetle  is  constantly  in  attendance  upon  her  young  during 
the  period  of  their  development,  and  guards  them  with  jealous 
care. 

"The  mouth  of  each  cradle  is  closed  with  a  plug  of  the  food 
fungus,  and  as  fast  as  this  is  consumed  it  is  renewed  with  fresh 
material.  The  larvae  from  time  to  time  perforate  this  plug  and 
clean  out  their  cells,  pushing  out  the  pellets  of  excrement  through 
the  opening.  This  debris  is  promptly  removed  by  the  mother, 
and  the  opening  again  sealed  by  ambrosia.  The  young  transfonii 
to  perfect  beetles  before  leaving  their  cradles  and  emerging  into 
the  galleries. 


Pig.  237.— Ambrosia  of  Corthvlus  punctatissimus,  Zimni.:  a,  detached  bumb-bell 
shaped  pairs  of  cells,grreatl\'  enlarged.  After  Division  of  Bntomologj.U.S.  Depart- 
ment of  Agriculture. 

**The  Ambrosia  of  Monarthrum  (Fig.  237),  is  monilifonn, 
and  resembles  a  mass  of  pearly  beads.  In  its  incipient  stages  a 
formative  stem  is  seen  which  has  short  joints  that  become  globular 
conidia  and  break  apart.  Short  chains  of  cells,  sometimes  show- 
ing branches,  may  often  be  separated  from  the  mass.  The  base  of 
the  fungus  mass  is  stained  with  a  tinge  of  green,  but  the  stain 
in  the  wood  is  almost  black.* 

*Two  species,  M.  fasciatum  Say,  (Fig.  238),  and  M,  malt 
Fitch  (Fig.  239),  are  confined  to  the  Atlantic  forests,  and  range 
in  latitude  from  Lake  Superior  to  Florida.     They  have  identical 

*By  mistake  the  ambrosia  of  another  closely  related  beetle  has  been  iUustrmted. 


Digitized  by  VjOO^  '  ^ 


BARK-BEETLES;    ENGRAVERBEETLES. 


309 


habits,  and  feed  upon  the  same  fungus.  They  are  commonly  as- 
sociated in  the  same  tree-trunk,  and  not  seldom  occupy  galleries 
having  a  common  entrance  hole.  Both  species  are  known  to  at- 
tack wine  casks,  but  they  probably  breed  only  in  dying  trees." 

The  trees  attacked  include  oak,  hickory,  beech,  maple,  aspen, 
apple  and  orange,  and  the  list  might  be  extended  to  include  other 
hardwood  timber. 

According  to  Fitch  the  insects  sometimes  attack  young  and 
thrifty  trees,  which,  when  badly  affected,  are  apt  to  suddenly 
wither  soon  after  putting  forth  their  leaves,  as  if  scorched  by 
fire;  the  bark  becomes  loosened  from  the  wood,  add  soon  after- 
wards these  small  beetles  appear  crawling  through  minute  per- 
forations, like  large  pin-holes,  in  the  bark. 


PiX.  288. — Monartbram  fmscimtuta, 
Sbj.  After Diviaion  of  Bntomoloin^ , 
U.  8.  Department  of  Asrrictilttire. 


Pl^.  239,— MonBrtbrttm  mali.  Pitch. 
After  Divisiou  of  Entomology,  U.  8. 
Department  of  Agricnlttire. 


From  the  above  description  by  Mr.  Hubbard  it  is  seen  tliat  such 
beetles  are  genuine  gardeners,  since  they  do  not  consume  wood^ 
but  minute  and  juicy  fungi  propagated  on  the  walls  of  their  gal- 
leries. All  the  growing  parts  of  the  fungus  are  extremely  succu- 
lent and  tender,  but  remain  in  that  condition  only  when  contin- 
ually cropped ;  if  allowed  to  go  to  seed  it  is  no  longer  useful  as 
food.  Mr.  Hubbard  also  states  that  when  their  galleries  are  dis- 
turbed and  opened  to  day-light,  the  adult  beetles  generally  fall 
to  eating  their  ambrosia  as  rapidly  as  possible.     Like  other  social 
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insects  they  show  their  concern  at  the  threatened  loss  of  their 
most  precious  possession  by  trying  to  save  it,  just  as  bees,  when 
alarmed,  fill  themselves  with  honey. 

As  far  as  remedies  are  concerned,  it  is  evident  that  any 
method  by  which  the  entrances  of  their  galleries  in  the  bark  can 
be  closed,  will  effectually  put  an  end  to  the  progress  of  their  col- 
onies, and  perhaps  the  best  means  to  do  so  is  by  coating  the  trunks 
with  dendrolene  or  "raupenleim."  Valuable  fruit-trees,  whicli 
have  suffered  from  fire  or  frost,  can  not  be  protected  in  this  man- 
ner, as  the  buds,  which  must  be  allowed  to  grow  on  the  trunks, 
would  be  injured  or  destroyed.  In  such  cases  it  is  best  to  plug 
the  holes  with  a  piece  of  wire,  which  is  inserted  as  far  a$  it  will 
go  and  then  cut  off. 

THE  PEAR-BLIGHT  BEETLE. 

(Xyleborus  pyri  Peck). 

During  the  heat  of  midsummer  the  twigs  of  the  pear-tree 
sometimes  become  suddenly  blighted,  the  leaves  and  fruit  wither, 
and  a  discoloration  of  the  bark  takes  place,  followed  by  the  speedy 
death  of  the  affected  part.  This  trouble  is  not  caused  by  the  well 
known  fire-blight,  which  is  a  disease  and  is  of  a  totally  different 
character,  and  is  entirely  independent  of  any  insect.     The  injuries 


Fig,    240.  — Gallery  of  Xjleboraa  xylogrMpbaa,  ^ay;  in  hickory;   «,  5,  death, 
cbamberfl.     After  Diviaion  of  Bntomology,  U.  S.  Depdrtmeiit  tif  Agrfcnlture. 
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are  not  confined  wholly  to  the  pear,  but  the  same  insect  occurs  also 
on  the  apple,  the  plum,  and  the  apricot. 

According  to  Hubbard  the  members  of  this  genus  of  beetles 
also  exist  upon  ambrosia,  which  is  grown  by  the  females  for  the 
purpose  of  feeding  the  young,  as  has  already  been  described. 

Each  species  of  beetle  grows  its  own  kind  of  ambrosia,  and 
the  galleries  made  are  of  a  different  character,  as  may  be  seen  in 
the  case  of  X.  xylographus  Say,  illustrated  in  Fig.  240,  where 
the  young  are  assembled  in  a  large  brood  chamber,  constructed 
at  the  end  of  a  gallery  which  penetrates  deeply  into  the  heart  of 
the  tree,  or  remains  in  the  sap-wood,  according  to  the  amount  of 
moisture  in  the  trunk.  The  chamber  is  somewhat  leaf-shaped, 
and  stands  vertically  on  edge,  parallel  with  the  grains  of  the  wood. 


Rlnr.  241.— Ambrosia  of  Xjleborus  xylographas.  Say.     After  Division  of  Knto- 
mologry,  U.  S.  Department  of  A^culture. 


The  space  between  the  walls  is  not  much  greater  than  the  thick- 
ness of  the  bodies  of  the  adult  beetles.  The  larvae  of  all  ages  are 
able  to  cling  to  the  vertical  walls,  and  to  progress  over  them  by 
aiT  adaptation  of  the  end  of  the  body,  which  aids  them  in  advanc- 
ing-. The  entire  surface  of  the  walls  in  the  brood  chamber  is 
plastered  over  with  ambrosia  fungus,  a  representation  of  which  is 
criven  in  Fig.  241.     It  consists  of  short,  erect  stems,  terminating 
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in  spherical  conidia.  The  freshly  grown  fungus  is  colorless  as 
crystal,  but  it  is  usually  more  or  less  stained  with  greenish-yellow, 
and  sometimes  looks  like  a  coating  of  sublimed  sulphur.  The 
brood  chamber  is  at  times  packed  with  eggs,  larvae,  pupa  and 
adults,  in  all  stages  of  maturity.  The  larvae  aid  in  extending  the 
brood  chamber.  They  swallow  the  wood  which  they  remove  with 
their  jaws,  and  in  passing  through  their  bodies  it  becomes  stained 
a  mustard-yellow  color.  Great  quantities  of  this  excrement  arc 
ejected  from  the  openings  of  the  colony,  but  a  portion  is  retained 
and  plastered  on  the  walls,  where  it  serves  as  a  bed  upon  which  a 
new  crop  of  the  fungus  springs  up.  In  populous  colonies  it  is  not 
unusual  to  find  the  remains  of  individuals  who  have  died  packed 
away  in  a  deep  recess  of  the  brood  chamber,  carefully  enclosed 


Pig.  2^2.'—Xyleboraa  xylogrmpbuSt  Say;  female   and    male.     After  DiTifioo  of 
Bntomology,  U.  S.  Department  of  Agricultttre. 


with  a  wall  of  chips.  At  a  in  Fig.  240  such  a  catacomb  is  shown, 
which  was  found  to  contain  the  mutilated  bodies  of  a  dozen  or 
more  larvae  and  immature  imagos,  together  with  the  fragments 
of  a  predatory  beetle,  Colidium  lineola  Say.  This  tomb  bears  tes- 
timony to  a  sanguinary  conflict  in  which  victory  crowned  the 
efforts  of  the  ambrosia  beetles.  The  bodies  of  the  slain,  both 
friend  and  foe,  have  been  consigned  to  the  same  sepulchre.  In 
the  same  figure,  at  b,  a  short  branch  of  the  gallery  is  shown  con- 
taining the  lifeless  body  of  the  mother  of  the  colony,  who  appears 
to  have  constructed  her  own  tomb,  and  to  have  crawled  into  it  as 
she  neared  her  end.     The  mouth  of  this  tomb  has  also  been  sealed 
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up  by  the  survivors.     Both  male  and  female  of  Xyleborus  xylo- 
graphus  Say  are  shown  in  Fig.  242. 

A  niimber  of  very  minute  beetles,  belonging  to  the  genera 
Hypothenemus,  and  Pityophthorus,  mine  under  the  bark  of  the 
apple,  walnut,  hickory,  chestnut,  and  others.  None  are  very  de- 
structive, however,  as  they  are  usually  found  in  dead  or  dying 
twigs,  and  none  of  them  have  such  interesting  habits  as  the  am- 
brosia-beetles, since  their  food  consists  of  wood  and  not  of  fun- 
gus grown  by  the  mothers. 

THE   FRUIT   BARK-BEETLE. 

(Scoyltus  rugulosus  Ratz.). 

This  beetle,  not  yet  found  in  Minnesota,  but  uncomfortably 
near  it,  needs  a  description,  so  that  fruit-growers  may  recognize 
this  pest  in  time  to  combat  it  successfully.  Prof.  Smith  gives  a 
full  account  of  it  in  his  text-book  already  mentioned,  which  is 
here  quoted : 

"Scolytiis  rugulosus,  the  *  fruit-bark  beetle,'  is,  perhaps,  the 
best  known,  and  certainly,  the  most  important  economically,  at- 
tacking deciduous  forest  trees  of  almost  all  kinds.  The  black 
parent  beetles  appear  in  early  spring,  and  bore  little  round  holes 
through  the  bark  to  the  sap-wood.  They  then  make  a  central 
burrow,  on  each  side  of  which  little  notches  are  made  to  receive 
the  soft  white  eggs.  The  larvae  hatch  very  soon,  and  at  once  be- 
gin to  make  little  burrows  of  their  own,  diverging  as  they  move 
from  the  parent  channel,  and  gradually  enlarging  them  as  they 
increase  in  size.  When  full  grown  they  form  a  slightly  enlarged 
chamber,  in  which  they  pupate,  and  when  they  transform  to  little 
beetles  make  their  way  out  through  little  round  holes  in  the  bark. 
The  whole  period  of  development  does  not  exceed  a  month,  and 
there  may  be  several  broods  during  the  summer  from  the  same 
tree,  the  numerous  galleries  eventually  girdling  and  killing  it. 

''These  insects  rarely  attack  sound  and  healthy  trees,  and  this 
is  a  peculiarity  of  bark-beetles  in  general,  though  there  are  many 
exceptions.     But  just  as  soon  as  a  tree  becomes  a  little  weakened 
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Pig.   243.— Sco/>  tu5  rugttlosua,  Ratz.;   a,  adult;   b,  same  in  profile;  c,  pupa;  <i. 
larra.    After  Division  of  Entomology,  U.  S.  Department  of  Ajfricultnre. 

throufi:h  injury  or  from  starvation,  these  little  creatures  attack  it, 
and  then  its  doom  is  sealed,  unless  vigorous  measures  are  taken 
at  once.  Peach  trees  are  especially  susceptible  to  injury,  and 
the  gummy  oozing  from  the  little  holes  seems  to  weaken  them 
so  rapidly  that  they  succumb  in  a  short  time. 

"It  is  good  practice  to  keep  orchard  trees  in  the  best  possible 
health  and  vigor  at  all  times  to  enable  them  to  resist  naturally 


a         'b 

in  tvvijarof  apple;  and  to  tjicnKht,^*^ 


Fig.  244.— Work  of  Sco/>'tu8  rugulosus  \n  cwij?  oi  appie;  ana  i"  ^"•' ■,;""" Viwr 
leries  under  bark;  a,  a.  main  galleries:  fc,  b,  larval  gallcrieB;  c,  c,  papal  ccHs^  ah" 
Division  of  BntomologT,  V.  S.  Department  of  A^ricwlturc. 
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the  attacks  of  these  insects,  but  if  one  does  become  seriously  in- 
fested it  should  be  at  once  cut  out  and  burned.  It  is  certain  to 
die  in  a  short  time,  and  it  is  a  constant  menace  to  surrounding 
trees  from  the  abundance  of  specimens  which  will  be  produced, 
ready  to  attack  others  at  the  least  sig^  of  weakness.  Where  a 
slight  infestation  is  noticed  on  a  tolerably  healthy  tree,  it  should 
be  closely  examined  to  ascertain  the  original  source  of  weakness, 
and  when  this  is  removed  the  tree  should  be  Stimulated  by  means 
of  appropriate  fertilizers,  and  the  trunk  kept  covered  by  white- 
wash to  which  Paris-green  has  been  added.  Strong  whale-oil 
soap-suds  will  answer  the  same  purpose,  and  a  little  crude  carbolic 
acid  will  add  to  its  effectiveness.  In  all  cases  the  application 
should  be  thorough,  and  should  be  kept  intact  until  the  tree  has 
fully  recovered  and  is  able  to  take  care  of  itself.  The  beetle  is 
shown  in  Fig:  243,  and  its  burrows  in  Fig.  244." 

The  same  line  of  treatment  is  adapted  to  other  bark-beetles, 
varied  according  to  the  differences  in  life-history. 

THE  HICKORY-BARK  BEETLE. 

(Scolytus  4-spinosus  Say). 

This  beetle  confines  its  work  to  all  kinds  of  hickory,  in  which 
it  makes  long  and  slender  tracks  under  the  bark,  which  radiate 
from  a  primary,  larger  and  vertical  chamber  (Fig.  235).  The 
beetle  (Fig.  245),  is  entirely  black,  or  black  with  brown  wing- 
covers  ;  the  head  above  is  flat,  concave  towards  the  tip ;  the  thorax 


Vlg.   2i5.—ScoIytv8  4.  spinosus,  Say. 


Fifg.  246.  —  Dendroctonus  frontalia, 
Zimm.— After  Division  of  Entomology , 
U.  8.  Department  of  Agricnltare. 
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is  a  little  longer  than  wide,  narrower  in  front;  the  wing-covcrs 
have  about  ten  striae,  confused  at  the  sides,  but  regular  above, 
composed  of  small,  deep,  approximate  punctures,  the  spaces  be- 
tween the  striae  having  a  single  row  of  minute,  almost  obsolete 
punctures.  The  male  has  the  excavated  venter  armed  with  two 
long  and  two  shorter  spines,  and  the  rim  upon  the  ventral  and 
posterior  segments  is  also  armed  with  a  very  stout,  short  and 
broad  projection ;  all  of  which  are  absent  in  the  female.  The  en- 
tire head  is  hidden  by  long  and  fox-colored  hair,  more  dense  in 
the  male  than  in  the  female. 

Both  sexes  bore  into  the  tree,  the  male  for  food,  the  female 
for  the  purpose  of  laying  eggs.  In  doing  so  they  bore  in  a  slant- 
ing upward  direction,  both  in  the  trunk  and  branches.  The  en- 
trance is  usually  made  in  the  axil  of  a  bud  or  leaf,  which  causes 
the  twig  to  die,  and  the  leaves  to  wither  and  drop.  Mr.  Bryant, 
in  describing  the  actions  of  the  female,  says,  that  in  depositing 
the  eggs  she  confines  herself  to  the  trunk  and  larger  limbs,  plac- 
ing her  eggs  on  each  side  of  a  vertical  chamber.  Here  she  dies, 
and  her  remains  may  be  found  long  after  her  progeny  have  com- 
menced to  make  their  cylindrical  tunnels,  at  first  transverse  and 
diverging,  but  afterwards  lengthwise  along  the  bark,  always 
crowding  the  widening  burrows  with  their  powdery  excrement, 
which  is  of  the  same  color  as  the  bark.  The  full  grown  larva 
is  soft,  yellowish,  and  without  traces  of  legs,  with  the  head  slight- 
ly darker  with  brown  jaws.  It  remains  torpid  during  the  winter, 
transforming  to  a  pupa  towards  the  end  of  the  following  May. 
The  pupa,  also  shown,  is  smooth  and  unarmed,  not  showing  any 
sexual  differences.  The  beetles  issue  through  holes  made  direct 
from  the  sap-wood,  and  a  badly  infested  tree  looks  as  though  it 
had  been  peppered  with  No.  8  shot. 

A  large  number  of  other  similar  beetles  are  also  destructive 
to  our  trees.  A  small  hickory-bark  beetle,  (Chramesus  icoriae 
Lee),  is  not  alone  found  in  the  food  expressed  by  its  specific 
name,  but  also  in  the  buds  of  oak,  which  are  greatly  enlarged  by 
the  irritation  produced  by  its  presence. 

Pine  trees  suffer  greatly  from  insects  belong^nj^:  to  the  genera 
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TomicuSj  Dendroctonus,  Hylastes,  and  others;  and  such  beetles 
have  to  be  constantly  fought  in  well  regulated  pine  forests  to  pre- 
vent heavy  losses.  Dendroctonus  frontalis  is  illustrated  (Fig. 
246),  to  show  the  form  of  such  beetles ;  and  a  still  larger  one,  very 
common  in  our  pine  forests,  the  i).  terebrans  Oliv.,  in  Fig.  247. 

There  is  still  another  beetle  belonging  to  this  family  that 
deserves  at  least  passing  notice,  as  it  may  find  its  way  to  our 


Pig.  2^7 .^Dendroctonus  tercbrmns, 
OHt.  After  Division  of  Bnto- 
mologjtiJ.  S.  Department  of  Agrri- 
cttlture. 


Fig.  24,8. -- Hylesinos  trifoW,  Mncll. 
After  Division  of  BntomoloRy,  U.  8. 
Department  of  Agrriculture. 


State  in  the  future.  It  has  the  rather  abnormal  habit  of  making 
burrows  in  the  roots  of  clover  and  allied  plants,  and  it  has  be- 
come a  very  serious  pest  in  the  Eastern  States  into  which  it 
found  its  way  from  Europe.  A  large  proportion  of  the  two 
year  old  clover  plants  are  destroyed  by  this  insect  which  can  be 
found  in  all  stages  in  such  snug  quarters  during  the  winter 
months.  The  clover-root  Borer  (Hylesinus  trifolii  Muell.),  is  il- 
lustrated in  Fig.  248. 
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FAMILY  ANTHRIBIDAE. 

(Fungus  beetles). 

There  is  still  another  family  of  beetles  closely  related  to  the 
snout-beetles  and  bark-beetles.  Some  of  them  are  found  in  large 
numbers  upon  dead  toad-stools;  others  occur  among  the  fungi 
causing  certain  diseases  of  the  cereals  and  other  plants ;  and  still 
others  are  known  to  be  elsewhere  decidedly  injurious  to  cultivated 
plants.     To  show  how  such  beetles  look  the  illustration  of  Antlm- 


Fig.  2l9.—Anthribus  cornatus.  Say.    After  Marlatt. 

bus  corniitus  Say  (Fig.  249),  has  been  reproduced  from  the  First 
Annual  Report  of  the  Kansas  Experiment  Station.  This  insect 
was  found  in  large  numbers  and  in  all  stages  associated  in  dead 
tamarix  stems  with  the  injurious  apple-twig  borer  (Amfliicenis 
bicaudatus  Say)  described  before. 

It  will  be  seen  from  the  pages  of  this  report  that  the  ORDER 
of  COLEOPTERA  contains  a  large  number  of  injurious  insects, 
and  that  it  is  worth  while  to  inspect  our  fruit-producing  plants 
with  great  care  from  time  to  time  to  detect  them,  to  apply  reme- 
dies as  soon  as  possible,  and  not  to  wait  until  our  enemies  have 
multiplied  to  such  an  extent  as  to  make  it  questionable  whether 
we  or  the  intruders  are  the  masters  of  the  situation. 
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Currant-borer— American W5 

Cyllene  decorus  0\\\ 202 

"       p/cf  OS  Drury 202 
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Cylhnc  rojl>inias  Forst 202 

Darkling-bcctlca 266 

Death-watch 151,  152 

Deadroctonas  frontalia  Zimm 317 

**            terebrans  0\\y 317 

Dtrmestes  lardarius  Linn 124 

Dermesddw 123 

Desmoceras  palliatus  Forst 204 

Diabrotica  duodecim-pnoctata  Oliv 236 

"         longicornis  Say 236 

•*          vittata  Fab 234 

DiebeJo ay cba  elongata  Fah I53 

sabvittat a  Lee 1Q3 

Dherca  divarieataSaj I35 

Different  Joints  (Heteromera) 97,  2^5 

Disonycba  xaatbomebena  Dalm 241 

Divaricated  Bnprestis I35 

Dominaeaa  Ca«e-bcarer 220 

Dottaeim  species 218 

Dor-beetles I53 

Dorypbora  lO-Iiaeata  Say 230 

Dmateria  ekgans  Fab I33 

Dynastea  tityrus  Linn 132 

Dytiscldsc lOg 

Bcboeerus  maxUlosus  Fab 267 

Blapbidton  j'nerme  Newm 201 

'*          parallelam  Newm I97 

"          viUosum  Fab I99 

Blateridse •. 129 

Elderberry-beetle 204 

Btm-leaf  Beetle 238 

Sndomycbidw 12i 

Engraver-beetles 304 

Bpicteras  imbricatas  Say 266 

Bpkaata  peaasylvaaica  DeG 261 

Bpilacbna  borealis  Fab , 12a 

Bpitrix  cucumeris  Harr .^  247 

'*       /bscu/a  Crotch 247 

**       parvala  Fab 248 

Erotylidse 121 

Buphoria  indaJAnn 185 

**        melancbolica  Gory 187 

Bnpsalia  mittttta  Dmry 3OO 

EycdElater 130 

Fidia  hagipes  Mela 222 

**      viticida  Walsh 223 
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Fiery  Hunter 104 

Fig-eater 183 

Fire-flies 97,134,  146 

Flat-headed  Apple-borer 187 

Borers 134 

Flea-beetle  of  Sumach 288 

Flea-beetles 238 

Flower-beetles 163,  183 

**     -chafers 97,  163 

Fuller's  Rose-beetle 270 

Fungus-beetles 318 

Fruit  Bark-beetle 313 

Ga/eruca  species 236 

*'        xantbomelseaa  Schr 238 

Gaarotes  cyanipcnnis  Say 204 

Genuine  Snout-beetles 270 

Glow-worm 146 

Gfyptoscelis  crypticus  Ssij 229 

Goea  debiUs  Lee 207 

**     octtlatus  Lee 207 

*•     pulcbra  Hald 207 

*'     tigrinus  DeG 207 

Gold-bug 253 

Goldsmith-beetles 163,  178 

Ottorimus  maculatus  Knoch 189 

Grain-weevils 301 

Grape  Curculio 294 

Grape-vine  Fidia 222 

"     Flea-beetle 241 

"      —Lesser 243 

•'     Gall-beetle 296 

••     Phyraatodes 196 

**      -root  Worm 223 

Grapbops  pubescens  Mels 226 

Gray  Anametis 267 

Ground-beetles 97,  101 

Gyrinides « 110 

Haltica  bimargiaata  Say 241 

cAa/j6ca  111 241 

"       foUacca  Lee 244 

ignita  111 243 

Ham-beetle— Red-legged 150 

Hammer-heads 136 

Harpalus  berbivagus  Say 107 

"        pennsylvanicus  DeG 107,  289 

Herbivorous  Lamellicorns «7...r...ri62 
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Hermit  Flowcr-bcctk« 188 

Heteromera  (Difierent  Joints) 97,  256 

Hickory-bark-bcctlc 316 

-bora-— BeaotifQl 207 

Common 207 

Painted 202 

Two-tpotted 201 

Hupidse 250,  261 

Histmdas 125 

Hopb'amodestaUAld , 163 

HydropbiUda 112 

fff/astes  species 317 

Hykainus  trUoliiyLxktW 317 

Hjlobius  eoafysos  Kb>- 275 

Hylotrupes  btgalas  Linn 196 

Hjpotbeaemos  species 313 

Imbricated  Snout-beetle 266 

Indian  Cetonia 185 

Ips  /asciatas  Oliv 1 27 

Isomera  (Similar  Joints) 96,     98 

ftbjrceras  aoveboracensis  Porst •  271 

une-bugs 163 

Knotty  Horn 204 

Lace-wings  Flies 290 

LAcbttosterna  fitaca  Froeh\ 170 

•'  m^sa  Melsh 172 

tristis  Fab 172 

I^c/i/70ster/ia  species 167 

Lady-bugs , 97,   117 

La^mopbheas  &8ciatus  Nels 122 

LatneJIicorw'a  (Leaf-horns) 97, 156,  169 

Laminise 192,  204 

Lampytida ^ 1^ 

Langnria  Mozardihat 121 

Larder-beetles 123 

Lasioderma  serricorne  Fab 152 

Leafichaicrs 162 

"     —Shining 174 

Lea^homs  (LamclUcornia) 97, 156,  159 

Leaf-fccding  Beetles 97, 190,  217 

Leaf-rollers 97 

"  -rolling  Snout-beetles 264 

Lebia  grandisHentL 107 

LematnUDeataOXvf 220 

Leptostyhis  acnlifer  Say 208 

**  macula  Say ,, 208 
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Leptarges  facetus  Say 209 

Ligyrus  relictus  Say '. 181 

**       rugicepa  Lcc 181 

Light-loYing  Anomala 174 

Ligbtning-bug— Commoa 147 

Lina  sctipta  Fab 233 

"     tremuke  Fab 233 

L/opiis  •pedes 208 

Little  Turk .' 286 

Lixus  eoncavus  Say 27S 

Long-horned  Borers 97,  190  208 

Long-borns 191 

Lttcanidte 156 

Lucanus  dama  Thunb 157 

**        elaphusF&h 157 

Zrjct  OS  species 155 

MaerobaJsis  unicolor  Kirby 261 

Macrodactylus  subspinosus  Fab —  164 

Madarus  undulatus  Boh 298 

Magdalis  teaescens  Lee 276 

*•  armicolUs  Say 277 

ofyra  Hbst 276 

Malacbiidas 150 

Malacbius  margiaicollia 151 

May-beetle  fungus 171 

May-beetles 97, 163,  167 

Meal-beetle 97,  256 

Melancholy  Cetonia 187 

Melanotus  communis  GyW 133 

Meloc  augusticoJlis  Say 262 

Meloidai 260 

Metallic  Wood-borers 134 

Molorcbus  bimaculatus  Say 201 

Monartbrum  iasciatum  Say 308 

malj  Fitch 306 

MoDobammas  conihsor  Kirby 206 

Mordelfa  S-pnnctata  Fah 269 

MordelUdae 259 

Mnaeam  Pest...^ 124 

ATecroplionis  species 113 

New  York  Weevil 271 

Nitidttlidse 126 

Nodottota  puDcticolUs  Say 230 

'*         tristia  Oliv 229 

Nnt-weevils 97,  298 

Oak-pmner .,..„„. ,..».... 197 
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Oberea,  bimacuJata  Oliv 215 

•*       aaripes  Hald 216 

Odotttota  dorsalis  Thunb 261 

**  ituequsUis  Web „  261 

*'  nervosa  Panz 261 

rubra  Web 261 

Oil-bcctlc8 97,  262 

Ondderes  cwgalatus  S&y 210 

(Jrsodacna  atra  Ahr ^ 219 

Osmoderma  erearicola  Knoch 188 

"  scabra  Beauv 188 

•    Otiorhyncbidae 266 

Otiorbjrocbas  ovatus  Linn 268 

**  picipes  Fa,b 269 

**  su/catus  Fab 269 

Pacbybracbjs  v^/tdts 222 

Painted  Hickory-borer 202 

Pak-8triped  Flea-beetle 249 

Par&ndra  braanea  Fab 191 

Parallel  Elaphidion 199 

Paria  a ternma  Oliv 226 

"     caoe/Za  Fab , 225 

pMsimacbas  califomicus  Chd 106 

Pea-weevil 265 

Pcar-blight  Beetle !. 813 

Pear-tree  Blister-beetle 261 

Peddlers 264 

PeUdnota  punctata  Linn 177 

Pentilia  misella  Lee 120 

Photinus  pyralis  Linn 147 

Pbymatodes  amcenus  Say 196 

Pbytonomus  punctatua  Fab 273 

Pbytopbaga  (Plant-caters) 97,   190 

Pbyllotreta'yittataFeih 250 

Pioching-beetles 166 

Piasodes  a&nia  Rand 275 

strobi  Peck. 275 

Pitchj-legged  Otiorhynchus 268 

Pityopbtborua  species 310 

PlAiit-caters  (PAjtoplu^^a) :.97,  184 

Plmtjrceras  quercns  Web 168 

Plum  Curcnlio 285 

Gonger 277 

Leaf-beetle 229 

Patnpbopcsa  asnea  Say 261 

pariMOu  cottotracheli  Ril 290 
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Potato-Stalk  Borer 296 

Predaceoas  Water-beetles 108 

Prioainx 192,  193 

Priotms  itnbricorms  Linn 200 

"       laticolhaDrwrj 193 

Pselapbidas 114 

Psenocerua  aupernotatuB  Say : 205 

Psj/Zioc/es  species 250 

Ptinidm * 151 

PyrophoTus  aoctilucaa 133 

Quince  Curcnlio 291 

Raspberry  Cane-borer 215 

**         Fruit-worm 125 

Gouty-gall 142 

Red-headed  Systena 949 

"  -legged  Ham-beetle 160 

**  -necked  Blackberry-borer 142 

*'  -shouldered  Sinoxylon 164 

Rhinocerus-beetles ....97,  163,180,  182 

Rhubarb-beetle .*. :. 275 

Rbyncbitea  bicolor  Fab 264 

Rbjttcbitidte 263 

Rbvncbopbora 89,97,  262 

Rice-beetles 97 

Rose-beetles ' 97.116  163 

"   -bug 164 

*♦   -chafer 164 

"   -leaf-beetle 230 

Rosy  Uispa 261 

Rough  Flower-beetle 188 

Round-headed  Apple-tree  Borer «  212 

Borers 190 

Sacred  Beetle 160 

San  Jose  Scale , 119 

Sap-beetles 108 

Saperda  calcarata  Say 215 

*•       Candida  Fab 210 

**       coacolor  Lee 215 

"       crttata  Newm 215 

**       diacoidea  Fab 215 

lateraliaFah 215 

**       obliqua  Say 215 

*•       punctkolUs  Say 215 

trideatata  Oliv 215 

vestidaSaj 215 

Saw-horns  (.Serricorjua) 97,  128 
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Saw-homed  Borers 97,  134 

Saycr..... 206 

Searabmdm 169 

Scavenger  Lamellicom  Beetles 159 

Water-beetles, 112 

Scarred  Snout-beetles 266 

Scolyttts  qaadriapiDcaua  Say 804,  315 

"        r^^osus  Ratz 313 

Scydtnasaidas 114 

Seed-beetles 97 

SaicB  tricolor  Say 167 

•*     jcricea  ni : 166 

•'      veapertiaa  Gyll 167 

SemconuA 97,  128 

Shining  Leaf-cha£er8 174 

Shot-hole  borers 304 

Sigalpbua  cuTcvdionia  Pitch 290 

Silken  Serica 164 

S&Tpiba  species 114 

Silpbidie 113 

SHvanaa  aarinamenaia  Linn * 121 

Silver-bag 206 

Similar  Joints  (laomera) 96,     98 

Smoxylon  baailare  Say 164 

Sitodrepa  pamcea  Linn 152 

Sitonea  species 271 

Small  Willow  Flea-beetle 247 

Snapping-bcetles 97,  129 

Snont-beetles 89,  97,  262 

**     Genuine , , 270 

Soldier-beetles 97,  146 

"     —Two-lined 148 

Southern  June-beetle 183 

Spanish-flies 260 

Spbeaophoma  coatipennia  Horn 301 

ocbreua  Lee 301 

parvalua  Gyll 269 

Spring-beetles 130 

Spotted  Vine-chafer 177 

Squash  Lady-bug 120 

Stag-beetles 97,  156,  157 

StapbyUnidm 116 

Strangalia  species 204 

Strawberry  Crown-borer 293 

Curculio 283 

"  Root-worms 226 
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Striped  Cncumber-beetle 234 

Sumach  Flca-bcetlc 388 

Systena  Bontalis  Fab ! 349 

*'       badsonias  Fab 349 

tseni&ta  Say 349 

Tmcby gonus  Lecontei  GyW 293 

Tad-poles 136 

Telephoraa  bilineatus  Say 148 

Tenebrioidea  mauritanica  Linn 137 

Teacbrio  moUtor  Linn 256 

**         obscums  Fab 267 

Teaebrioaidse 256 

Three-lined  Lema 220 

Tbricokpis  simulator  Horn 269 

Tiger-beetles 97,     98 

Tile-horned  Prionus 194 

Tomicus  species 307 

Tomicas  typographus 306 

Tortoise-beetles 252 

Tricbobaris  3'Dotata  Say 296 

Tnclif  us  species 189 

Triebodes  apivorus  Germ 149 

True  Beetles 98 

"    Snout-beetles 97 

Tumble-bugs « 159 

**      -dungs 1 97 

Twelve-spotted  Diabrotica 285 

Twice-stabbed  Lady-bu£...4 119 

Twig-girdler 210 

Two-lined  Soldier-beetle. 148 

Two-spotted  Anomala 175 

Hickory^borer 201 

Lady-bug 119 

Molorchus 201 

Typbia  inornata  Say 169 

Tyloderma  tereum  Say 293 

"  /oveo/atum  Say 298 

fragarimiai 298 

Tylonotus  bimaeulatua  Hald .*. 201 

Typical  Cerambycids 196 

Typical  or  True-beetles 96,     98 

VedaUa  cardinalis 119 

Vine-chafer— Spotted ^  177 

Virginian  Buprestis 186 

F%j»  ru/aus  Ril 296 

Walnut  Curculio 291 
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Water-beetlea— Carnivoroas 97,  108 

Predaceous 108 

Scaveoger 112 

Wavj-striped  Plea-beetle 250 

Whirligigs 97.  110 

White  Pine-weevil 275 

Willow  Plea-bcctlc-Small .'. 247 

Wire- worms 132 

Xjrieboraa  pjrri  Peck « .". 310 

**         xjrlograpbas  Say 311 

Zopbems  Haldemani  Sall^ 258 
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Fig.  108. — Euphoria   I  ad  a  in  apple. 


mg.  181. — Zopbervs  Haldemani  Sall^, 
After  Sturm. 


Fig.  ^tS.'-Carpopbilu8  bracbjrpteras  Say, 
in  flo'vrers  of  apple 


Fi^s.  87  and  88.— A,  Dichetonycha  eJottgata  Fab.; 
B,  />.  siihvittata  Lee;  C,  Ser/'ca  /rjco/or  Say j 
D,  S.  I'cspertiaaGyll.;  E,Hoplia  modcsta  Hald.         .,» 
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PLATE  11 


Fig.  151.— Do/ypAorii  10-liaeata  Say.,  and  Bliater-bcctlcs.    Original. 


Pig.  192.— Aaaxnet/9  ^sea  Horn. 


Pig.  182.— Bo/etotAenrs  Mlttr- 
cas  Pab.;  male  and  female. 


Digitized  by  VjOOQIC 


PLATE  III. 


i           '"'-—-  ''■ 

./"- \ 

v/       ■    Iv 

:     i^fe. 

:      .    C^  ;r-^; 

Pig.  21S.^Conotracbelaa  nenuphar  Hbst.     Original. 


Fig.    223.— Tacbygonua    Lecontei    Gyll. 
After  Sturm. 


Pig.    101.  — CotJi/p     7«ii/- 
^era  Linn.    After  Harris. 
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PLATE  IV. 


Fig.  125.— GaurottM  cj- 
anipeaniB  Say. 


Fig.  136.— Ofcerea  bimacalata  Oliv.;  adult,  larva  and 
castiag«.    After  Webster. 


Fiar.   114.  —  Parmndra 
brunaca  Fab. 


Fig.  136.— Burrow  ofOberea  bimaculata  Oliv. 


Fig.    122.  —  Cyllene   pictus  Drurv. 
After  Webster. 


Fig.  l23.~-Cr//ene    obinim  Porst. 
After  Websterr.  ^^ 


Digitized  by 


PLATE  V. 


Pig:.  207 .—CoCcotorus  Scutellaria  Lee.    Original. 


Pig.  121.  —  Tylonotua  bi- 
maculalua  Hald. 


Fig.  81.— Cantboa  lasvia  Drury;  adults,  ball  and  egg. 
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PLATE  VI. 


Fig.  196. — Itbvcerus  novcboraccnsis  Pont« 
iog  bark  and  leaves  of  plum. 


Fig.  1  24.— Desmoeeros   Fig.  1  '29.—GoespuIchra 
palliatas  Forst.  Hald. 


Fig.  liB.—  Trichius  aSnis  Gory. 


Fig.  116. — Prionus  still  in  burrow. 


Fig.  164-.  HaJtica  ignita.  UL; 
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INVESTIGATION  IN  MILK  PRODUCTION. 

T.   L.   HACKER. 


The  results  of  the  experiments  reported  in  this  bulletin 
are,  in  part,  a  continuation  of  those  reported  in  Bulletin  35, 
issued  from  this  station  in  the  fall  of  1894,  and  cover  the 
work  of  the  dairy  herd  for  1894,  1895,  1896,  and  the 
winter's  work  for  1895-96.  The  latter  is  considered  separ- 
ately because  a  more  accurate  account  can  be  kept  of  the 
actual  amount  of  feed  consumed  by  each  animal,  and  the 
chemical  composition  of  the  diflferent  feed  stuffs  used.  While 
the  primary  object  of  keeping  a  complete  record  of  the  herd 
is  to  ascertain  the  cost  of  milk  and  butter  production  under 
conditions  obtaining  in  the  northwest,  the  winter's  work 
was  conducted  to  ascertain  the  amount  of  dry  matter  and 
digestible  substances  required  by  different  cows  to  produce 
a  given  quantity  of  milk  and  butter  fat. 

Ever  since  the  formation  of  the  dairy  herd  in  the  fall  of 
1891,  every  milking  from  every  cow  has  been  weighed  and 
tested  separately  by  the  Babeock  test  for  per  cent.  fat.  All 
the  scales  used  in  the  dairy  division  have  beams  divided  into 
pounds  and  decimals  of  a  pound,  they  are  provided  with 
agate  bearings  and  are  regularly  inspected  by  an  official 
and  are  kept  in  perfect  working  condition. 

The  records  are  kept  primarily  by  weeks,  commencing 
with  Monday  morning  and  closing  Sunday  evening. 
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INVESTIGATION  IN  MILK  PRODUCTION. 


SYSTEM  OF  RECORDS. 


UNIVERSITY  OF  MINNESOTA. 


DIVISION  OF  DAIRY  HUSBANDRY. 


Weekly  Milk  Record  from 

Jan.  6,  1896,  to 

Jan.  12, 1896. 
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10.1 

13.5 

7.7 

9.6 

13.7 

8  A.  M. 

4.5 

15.3 

27.3 

11.9 

17.5 

12.2 

14.3 

22.7 

11.3 

16.5 

8  P.  M. 

3.7 

13.4 

23.7 

10. 

16  6 

10.6 

13  2 

14.6 

10.6      1*2 

9  A.  M 

4.3 

15.5 

28.2 

11.5 

14.7 

12.2 

14.7 

10.9 

11.    I    1S.6 

9   P.  M 

34 

143 

25  2 

10. 

13.4 

10. 

13.3 

20.5 

10.0  1    13.8 

10  A.  M. 

4.1 

15  4 

29.7 

12.1 

16. 

11.5 

15.2 

15.6 

ii.a     1«.7 

10  P.  M. 

3.7 

12.5. 

25. 

lO.l 

12.9 

9.3 

13  2 

14.7 

10. 

13.6 

11  A.  M. 

4. 

1.-^.3 

3(). 

12. 

15  8 

11  9 

15.2 

10. 

11.7 

16.2 

11   P.  M. 

3.8 

12  H 

25.6 

10.8 

16. 

10.6 

13.1 

19.6 

9.8 

13.6 

12  A.  M. 

3.9 

14.8 

29.1 

12.4 

15.2 

11.8 

14.7 

16. 

11. 

15.3 

12  P.M. 

3  7 

12.8 

25. 

10.2 

14.8 

10. 

12.8 

14.6 

10. 

1*. 

.'^.^.7 

109  ft 

377.7 

1543 

219.6 

153  2 

194.7 

215.0 

1 49.S    206.3 

There  are  two  four  ounce  sample  bottles  for  every  cow, 
one  each»Tor  morning  and  evening  milk.  After  each  milking 
the  samples  are  taken  to  the  dairy  laboratory  and  tested 
for  per  cent.  fat. 


UNIVERSITY  OF  MINNESOTA. 


DIVISION  OF  DAIRY  HUSBANDRY. 

Test  Record. 


DATE— Jan.  6,  1896. 

A. 

M. 

P. 

M. 

NAME. 

No.  of 
Botile. 

Per  cent. 
Fat. 

No.   of 
Bottle. 

Percent 
Pat. 

Beckley 

45 

278 

210 

263 

2S 

75 

53 

37 

178 

101 

5.2 
8.5 
2.2 
5.2 
43 
3.3 
3.3 
2.1 
4..7 
3.8 

46 
7 
85 
34 
26 
16 

2.30 
31 

172 
16 

6.9 

Belle 

4.2 

Countess 

8.8 

Duchess , 

4.7 

Houston 

6.8 

Ida 

6. 

LiKgetta 

S.1 

Lou 

8. 

Nora 

4.5 

Olive 

44 

Digitized  by  VjOOQIC 


SYSTEM  OP  RECORDS. 


335 


UNIVERSITY  OF  MINNESOTA. 


DIVISION  OF  DAIRY  HUSBANDRY. 

Yearly  Milk  Record  from  Dec.  30,  1895,  to  Dec.  27,  1896. 


1896. 

M 

2 

Belle. 
Conntess. 
Dachess. 
Houston. 

Ida. 

a      1      8 

0                0 

•J    ;   z 

o 

Dec.  SO-Jaa.  6 

61.6 

205.1 

386.4   166.4 

241.2 

1 53.5 

187.6 

208.9    141.9 

203.7 

Jan.     6-12 

55.7 

199.8 

377.7 

154.3 

219.6 

153.2 

194.7 

215.0 

149.3 

2ii6.8 

"      18-19 

55.0 

lt«8.4 

373.3 

162.7 

217.5 

147.0 

192.9 

216.1 

15o.ft 

196.3 

••      20-26 

52  2 

194.1 

3.'S6.l 

147  8 

205.7 

146.1 

1M4.1 

217.1 

145  9 

19   .9 

••      27-Peb.  2 

47.9 

186.6 

352.4 

140.5 

214.0 

144  O 

1H4  8 

205.6 

140.6 

1M6.2 

Feb.    8-  9 

48.8 

18.*^.  2 

313.1 

137.3 

220.9 

128.8 

191.9 

191  4   136.5 

179.3 

••     10-16 

44.6 

175.4 

327.4 

1.H1.8 

218.8 

135.6 

183.0 

1«9.6'  130.4 

1675 

••      17-2.S 

42.4 

167.8    316.81  127.6   213.7 

133. () 

182.8,  191.61  131.2 

161.6 

••      24-Mcb.l 

39.2 

164.0!  309.3;  125.8    211.7 

127.9 

178.2    173.61  14O.0 

161.3 

Mcb     2-  8 

40.1 

l.no.3    315.6    122.8    2l4.0 

134.6 

I79.0i  140.0    129.7 

161.8 

9-15 

40.5 

149.0    306.41  122.0,  206.1 

138.9 

171.7    152.7    131.2  161.0 

••      16-22 

41.3 

14H.5,  2VI7.5 

117.7    211.5 

141.4 

176.3    175.71  137. U  137.0 

'•      23-29 

41.6 

145.7    299.8 

120.31  207.0 

142.7 

164.6   174.4    137.1 

147.6 

••      30-Apr.  6 

42.1 

138.5   283.8 

120  6;  210.4 

140.2 

146.8!  170.6   126.9  144.3 

At  the  close  of  the  week  the  milk  sheet  is  taken  to  the 
dairy  office  and  footings  made  of  pounds  of  milk  given  by 
each  cow  and  the  amount  added  to  a  yearly  milk  sheet, 
which  is  placed  on  the  desk  of  the  chief  of  the  division, 
accompanied  by  the  test  blanks,  for  inspection,  every  Monday 
morning,  after  which  the  data  is  recorded  in  the  milk  record. 


MILK    RECORD. 


DUCHESS. 

HOUSTON. 

1896 

A.  M. 

1              P.    M. 

1 

A.  M. 

P.  M. 

.at 

ji 

■M 

^ 

■♦* 

J4 

4* 

s 

« 

« 

.«! 

« 

.« 

« 

.  « 

CS 

Jan. 

.a 

-*'- 

** 

.a 

m 

15* 

.2 

m 

15^ 

.2 

5 

A 

V 

0 

^ 

41 

o 

ja 

V 

0 

jO 

V 

0 

^ 

QU 

^ 

Ji 

04 

H 

^ 

QU 

H 

^ 

QU 

h 

1 

11.9 

4.4 

.62 

10.5 

3.0 

.32 

18.0 

4.0 

.72 

16.0 

4.7 

.75 

2 

12.0 

4.9 

.59 

10.3 

4.H 

.49 

18.2 

4.2 

.76 

16.0 

5.4 

.»6 

3 

1  i.O 

6.0 

.60 

10.3 

5.3 

.55 

18  3 

4.3 

.79 

16.4 

5.0 

.82 

4 

12.2 

4.9 

.60 

10.3 

5.0 

.52 

18.0 

4.1 

.74 

16  0 

4.4 

.70 

6 

12.0 

4.9 

.69 

10.1 

5.1 

.52 

17.8 

4.7 

.84 

16.6 

5  8 

.94 

6 

11.6 

6.2 

.60 

10.2 

4.7 

.48 

18.0 

4.3 

.77 

16.3 

5.3 

.86 

7 

12.0 

5.1 

.61 

9.5 

4.8 

..46 

17.9 

4.5 

.81 

15.5 

6.3 

.82 

8 

11.9 

4.6 

.56 

10.0 

3.6 

.36 

1-.5 

3  6 

.fi3 

16.6 

5.6 

.93 

9 

11.6 

4.6 

.53 

10.0 

48 

.48 

14.7 

4  5 

.6*5 

13.4 

5.2 

.70 

lO 

12.1 

4.8 

.58 

10.1 

4.6 

.46 

16.0  : 

5.1 

.82 

12.9 

5.4 

.70 

11 

12.0 

4.2 

.46 

108 

4.7 

.51 

15.8 

5  2 

.82 

15.0 

6.6 

.84 

13 

12.4 

4.9 

.61 

10.2 

4.6 

.47 

15.2 

5.2 

.79 

14.8 

4.9 

.73 
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A  chemical  analysis  is  made  of  all  feed  stuffs  used.  All 
food  is  weighed  out  to  each  cow  at  every  feeding  period.  A 
daily  feport  is  made  by  the  dairy  stock  foreman  as -to  the 
condition  and  conduct  of  all  the  animals  in  the  division. 


UNIVERSITY  OF  MINNESOTA. 
DIVISION   OF   DAIRY  HUSBANDRY. 

Daily  Report  of  Stock  Foreman. 

All  the  stock  were  weighed  this  morning. 

Fly  T.  calved  to-day.  Time,  9  months,  17  days.  Ball 
calf,  large  and  strong.  Cow  passed  her  afterbirth  and  is 
seemingly  in  good  condition  for  work. 

Dell  2  was  bred  to  the  Jersey  bull  0.  W.  Pogis. 

Euroma  is  beginning  to  make  udder.  She  is  being 
treated  for  abortion. 

Bettie,  Alzanka  and  Yellow  Belle  are  being  dried  off. 

St.  Anthony  Park,  Minn.,  November  7,  1898. 

Signed,  A.  J.  McGumB. 

A  report  is  also  made  by  the  stock  foreman  stating  the 
amount  and  kind  of  feed  given  to  each  animal. 

UNIYEliSITY  OF   MINNESOTA. 
DIVISION  OF  DAIRY  HUSBANDRY. 

Feed  Record  of  Cows  from  Jan.  6,  1896,  to  Jan.  12,1896. 

ROUGHAGE.  GRAIN   MIXTURE. 

Hay,    ....    8  Bran,    ....  600. 

Fodder  Corn,  Barley,     .     .     .  400. 

Ensilage,     .         20  Corn.'    .... 

Roots,    .  Oats,  ....  300. 

Grain,    ...    14  Oil  Meal,      .      .  100. 
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DAIRY  HERD 

Hay 

8.0 
8.6 
12.0 
7.5 
8.0 
8.5 
9.0 
9.0 
8.0 
7.0 

Bnsilace 

Grain 

Beckley  2 

20  0 
21.5 
30.0 
18.5 
20.0 
21.6 
23.0 
23.0 
20.0 
17.0 

14.0 

Belle 

15  0 

ConnteM 

21.0 

Duchess 

18.0 

Houston 

14>.0 

Ida 

16.0 

Liffsetta 

16.0 

Lou. 

3  0.0 

Nora. 

14.0 

Olive 

12.0 

The  data  contained  in  the  above  report  is  recorded  in 
the  feed  record. 


FEEDING  RECORD. 


1896 

DUCHESS 

-     '    - 

i 

HOUSTON 

K 

•3 

►. 

« 

i  be 

Jan. 

i 

? 

e 

0 

^ 

!? 

r 

a 
g 

s 

0 

aS 

? 

5- 

a 

n 

A 

O 

0 

» 

ta 

n 

n 

o 

o 

» 

n 

1 

5.68 

3.74 

2.76 

.92 

7.6 

18.5 

6.0 

4.0 

3.0 

1.0 

8.0 

20.0 

2 

6.68 

3.74 

2.76 

.92 

7.6 

18.6 

6.0 

4.0 

3.0 

1.0 

8.0 

20.0 

3 

fi.68 

3  74 

2.76 

.92 

76 

18.6 

60 

4.0 

3.0 

1.0 

8.0 

20.0 

4 

6.58 

3.74 

2.76 

.92 

7.6 

18.5 

6.0 

4.0 

3.0 

l.O 

8.0 

20.0 

5 

5.68 

3.74 

2.76 

.92 

7.5 

18.6 

6.0 

4.0 

3.0 

1.0 

8.0 

2O.0 

6 

5  68 

3.74 

2.76 

.92 

7.5 

18.5 

6.0 

4.0 

3.0 

1.0 

8.0 

20.0 

7 

6.58 

3.74 

2.76 

.92 

7.6 

18.5 

6.0 

4.0 

3.0 

1.0 

8.0 

20.0 

8 

5.68 

3.74 

2  76 

.92 

7.6 

18.5 

6.0 

4.0 

3.0 

1.0 

8.0 

20.0 

9 

5.68 

3.74 

2.76 

.92 

7.6 

18.5 

6.0 

4.0 

3.0 

1.0 

8.0 

20.0 

10 

6.68 

3.74 

2.76 

.92 

7.5 

18.5 

6.0 

4.0 

3.0 

1.0 

8.0 

20.0 

From  the  data  in  these  two  records  the  calculations  for 
the  dairy  record  are  made  in  weekly  periods,  giving  the 
total  amount  of  roughage,  succulent  feed  and  grain  con- 
sumed during  the  week;  the  amount  and  kind  of  concen- 
trates which  constituted  the  daily  grain  ration;  the  dry 
matter  in  the  daily  ration,  the  cost  of  the  feed  at  local 
market  quotations;  the  pounds  of  milk,  average  per  cent, 
fat,  pounds  of  butter  fat  and  butter;  cost  of  a  hundred 
pounds  of  milk,  a  pound  of  butter  fat  and  a  pound  of  butter; 
and  the  dry  matter  required  for  a  pound  of  butter  fat  and  a 
pound  of  butter. 
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During  the  time  the  cows  are  in  pasture,  each  is  charged 
in  proportion  to  the  amount  of  feed  consumed  during  the 
winter  months.  A  cow  that  takes  fourteen  pounds  of  grain 
per  day  during  the  winter  is  charged  25  cents  per  week  for 
pasture  and  those  that  take  more  or  less  than  this  amount 
are  charged  proportionately  more  or  less  per  week. 

HERD  RECORD  FOR  1894. 

The  Herd:— The  following  table  gives  a  list  of  the  cows 
in  the  herd  at  the  beginning  of  the  year,  age,  breeding,  date 
of  calving,  when  placed  in  the  herd,  when  removed  from 
the  herd  and  cause  of  removal: 

TABLE  XVH.  -List  of  Oows  in  the  Dairy  Herd. 


Name 

Age 

Breed. 

Allie 

4 

Native 

Beckley 

9 

Grade  Jersey 
Holsteln 

Bess 

10 

Bettie 

9 

Guernsey 

Clara 

8 

Grade  Jersey 

Daisy 

2 

(^rade  Guernsey 

Dido 

11 

Grade  Shorthorn 

Dora 

12 

Jersey 

Bthel 

4 

Grade  Shqrthom 

Fancy 

8 

Polled  Angrus 

Gertie 

fi 

Grade  Jersey 

Honston 

10 

Jersey-Guernsey 
Holstein 

Jennie 

6 

Moliie 

2 

Grade  Shorthorn 

Nora 

4 

Jersey-Guernsey 

Olive 

10 

Grade  Guernsey 

Patsy 

7 

Grade  Jersey 

Pride 

11 

Jersey 

Reddy 

10 

Grade  Guernsey 

Rose 

11 

Grade  Shorthorn 

Rossie 

6 

Grade  Jersey 

Roxey 

9 

Grade  Jersey 

Sully 

10 

Grade  Shorthorn 

Sweet  B 

la 

Guernsey 

Topsy 

8 

Grade  Holstein 

Triclcsey 

10 

Guernsey 

Date  of 
Calviniz 


Apr.  1 
Jun.  12 
Feb.  22 
Aug. — 
May  27 
Nov.19 
Feb.  24 
Mch.  9 
Apr.  1 
May  8 
Oct.  2 
Nov.  0 
lOct.  28 
Nov.  20 


94 

94 
•94 
93 
93 
93 
98 
93 


Joined  the 
Herd 


Apr.  1»94 
NOT.  1  '91 
Dec.  18  '91 
Nov.  1'91 
Nov.  1  '91 
Nov.  20 '93 
Feb.  27  '93 
Dec.  18  '91 
'94!Apr.  1  '94 
93  May  8  '98 


July    8 '94 


Feb.  5 
I  Apr.  2' 
Sept.  5 
Nov.28 
I  Apr.    7 


Aug.  10*93 


Oct.  28 
Nov.  9 
Dec.  25 


Nov.  a  '91 
Nov.  1'91 
Dec.  IH  '91 
Nov.  20' 
Nov.  24 '92 
Nov.  30 '91 
Nov.  1  '91 
Nov.  1  '91 
Nov.  20 '91 
No*.17'91 
Nov.  1  '91 
Nov.  l'9l 
Nov.17'91 
Nov.  1'91 
Dec.  18  '91 
Nov.  1'91 


Left  Herd 


Oct.    8  *94 
Nov.  17 '94 


Apr.  2  '94 


May  6  '94 

Sep.  17  '94 


Nov.  6  '94 
6'J*4 


i«3  June 


Oct.  10  '94 
Oct.    1'94 


Sep.  19'  94 
May  6 '94 


Mch.—  '94 


Cause. 


For  Beef 
Tuberculosis 


For  Beef 
Tnbercnlosit. 


Tubercalosit. 
For  family  cow. 


For  family  cow. 
Tuberculosis. 


Porbeef. 
Tubercolosis. 


For  family  cow. 
Tubercolosii. 


Tnbcrcnlosii. 


The  foregoing  table  includes  all  the  animals  whose  re- 
cords for  1893  appeared  in  Bulletin  33  except  Annie,  tbat 
was  not  the  property  of  the  University,  and  was  returned 
to  her  owner.  Tricksey  calved  on  the  25th  of  Dec.  1893 
had  an  attack  of  milk  fever,  from  which  she  recovered,  but 
soon  after  began  to  fail,  and  in  March  died.    A  post  mortem 
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showed  that  she  was  badly  affected  with  tuberculosis.  She 
had  been  dry  about  ten  days,  weighed  1,100  pounds  twenty 
days  before  calving,  and  was  at  that  time  apparently  in 
good  health.  Her  average  weight  for  December  the  year 
previous  was  1,095,  showin^j  that  prior  to  calving,  to  all 
appearance,  she  was  in  normal  condition. 

On  the  20th  of  April  the  whole  herd  was  tested  with 
tuberculin.  The  cows  reacting  to  this  test  were  Dido, 
Fancy,  Houston,  Rose,  Sullie,  Mollie— a  daughter  of  Sully- 
Houston  2d  and  a  heifer  calf  from  Mollie.  All  these  were 
taken  out  of  the  dairy  herd  except  Houston,  that  failed  to 
react  on  the  second  trial  made  on  the  29th  of  June.  The 
last  of  October  the  whole  herd  was  again  tested  foir  tuber- 
culosis, when  Bess  and  two  other  beef  cows,  that  had  been 
in  the  lierd  from  the  time  it  was  formed  but  never  listed 
with  the  dairy  cows,  were  found  diseased. 

Gertie,  Jennie  and  Roxie  were  sold  for  family  cows. 
Beckley,  Clara,  Reddie  and  Rossie  were  sold  for  beef 

The  following  table  gives  a  list  of  cows  that  remained 
in  the  herd  during  the  year,  their  breeding,  days  in  milk, 
and  pounds  of  milk  and  butter  fat  yielded : 


TABLB  XVni.— Individual  Tields  of  MUk  and  Butter  Fat.  1894. 


NAME. 

Breed. 

Native 
Gaemtey 

Gr.  Shortborn 

Jersey-Guer. 

Jer»ey-Gaer. 

Gr.  Jersey 

Jersey 

Guernsey 

Gr.  Holstein 

Days  in  Milk. 

Lbs.  of  Milk. 

Lbs.   of 
Butter  Pat. 

WHt     

276 
366 
309 
247 
;           291 
366 
282 
292 
284 
308 

3871.7 
3617.1 
5lft8.8 
4146.3 
5962.0 
3912.8 
6499.0 
4404.0 
4744.9 
7769.1 

161.36 

Battle 

218.17 

Dora 

Q^Ij^I 

277.76 
172.48 

Houston 

306  46 

NorfC. 

199.48 

P||<^gW 

233.92 

Pride." "... 

Sweet  Briar 

222.35 
232.12 
304.64 

A;yCTAKC ••• 

306 

4907.0 

232.76 

The  yield  in  milk  and  butter  fat  was  exceedingly  low  as 
compared  with  the  two  years  previous.  In  1892  the  aver- 
age yield  of  milk  per  cow  was  5,763  pounds,  and  264  pounds 
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of  butter  fat.  In  1893  it  was  on  an  average  6,921  pounds 
of  milk  and  300  pounds  of  butter  fat.  The  light  yield  for 
1894  was  due  to  frequent  and  unusual  disturbances  in  the 
herd  and  a  rapid  shrinkage  in  the  flow  of  milk  after  the 
middle  of  June  because  of  poor  pasturage.  There  was  no 
special  effort  made  to  keep  up  the  flow  during  the  summer 
months  and  the  results  obtained  are  such  as  may  reason- 
ably be  expected  on  a  farm  when  little  attention  is  given  to 
the  herd  during  the  summer. 

Allie  and  Ethel  were  from  the  range.  They  were  intend- 
ed for  beef  but  after  being  fed  a  short  time  gave  indications 
of  being  in  calf  and  were  therefore  turned  over  to  the  Dairy 
Division.  Bettie  and  Nora  aborted  and  Pride  seemed  out  of 
condition  during  the  year.  Subsequently  a  post  mortem 
show^ed  that  she  had  swallotved  a  number  of  wire  nails. 
Some  had  gone  through  the  stomach  and  produced  an  ab- 
cess  which  was  the  cause  of  her  death.  There  have  been 
several  such  cases  in  the  dairy  herd  since  it  was  established. 
The  cow  Beauty,  whose  record  appears  in  the  annual  report 
of  the  experiment  station  for  the  year  1893  had  in  her 
stomach  the  bowl  of  a  table  spoon,  a  pebble  three  quarters 
of  an  inch  in  diameter,  two  smaller  ones,  a  horse  shoe  nail, 
the  upper  half  of  an  old  fashioned  ten  penny  fence  nail  and 
another  piece  of  old  rusty  nail.  In  the  Journal  of  Compar- 
ative Medicines  and  Veterinary  Archives  on  page  159  is  a 
report  of  a  case  where  a  cow  was  out  of  condition  for  a 
long  time  and  finally  died.  A  post  mortem  was  made  and 
there  was  found  in  her  rumen  **a  curry  comb,  in  two  parts; 
fourpounds  of  nails;  five  pounds  of  spikes;  a  dress  skirt;  parts 
of  several  boots,  shoes  and  rubbers;  a  coil  of  bailing  wire; 
twenty-four  balls  of  hair,  the  largest  the  size  of  an  orange, 
the  smallest  the  size  of  a  walnut ;  a  cogwheel  one  and  a  half 
inches  in  diameter,  pieces  of  wool  and  much  clay."  A  sto- 
mach encumbered  with  such  foreign  substances  is  not  likely 
to  do  eflicient  work,  and  data  obtained  from  such  a  source 
is  apt  to  be  misleading. 
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The  following  table  gives  a  list  of  the  dairy  cows  in  the 
herd  a  portion  of  the  year,  excepting  the  cows  Ethel  and  Allie: 


NAMB. 


Breed. 


Beckley Gr.  Jersey 


Days  in  Milk. 


Lbs.  of  Milk. 


Bess.. 
Daisy... 
Reddie. 
Rossle.. 


Uolstein 
Gr.  Guernsey 
Gr.  Guernsey 
Gr.  Jersey 


281 
261 

aoi 

272 
251 


2954.0 
7445.8 
3200.7 
4466.0 
4257.2 


Lbs. 
Batter  Pat. 


181.68 
252.90 
166.27 
216.41 
171.07 


Bess  was  removed  because  of  tuberculosis,  Reddie,  Rossie 
and  Beckley  because  they  were  quite  fat  and  were  getting 
less  useful  in  the  herd. 

Food  and  Feeding:— The  food  used  from  the  beginning 
of  the  year  until  the  cows  were  turned  out  to  pasture  was, 
for  roughage,  timothy,  prairie  hay  and  ensilage,  and  for 
grain,  bran,  barley,  dent  corn  and  oil  meal.  The  barley  and 
com  were  ground  and  mixed  with  bran  in  the  proportion  of 
fifty  pounds  of  corn  and  fifty  pounds  of  barley  with  one 
hundred  pounds  of  oil  meal.  When  the  cows  were  fed  in 
stall  the  ration  was  adjusted  as  nearly  as  possible  to  the 
needs  of  each  animal  and  no  changes  made  except  such  as 
were  necessq/y  in  an  experiment  comparing  timothy  with 
prairie  hay.  The  wild  hay  is  what  is  generally  known  as 
upland  prairie,  early  cut  and  nicely  cured.  The  timothy 
was  good  quality,  stems  quite  fine,  cut  in  the  bloom  and 
nicely  cured. 

The  following  table  gives  the  dry  matter  and  digestible 
nutrients  contained  in  a  pound  of  the  different  food-stuffs 
given  the  herd  from  the  first  Monday  in  January  to  the  first 
Monday  in  May  when  it  was  turned  to  pasture: 


DiGBSTIBLB. 


POOD 

Lbs.       D.M. 

Pro. 

C-H 

Fat. 

Bran 

Barley 

Corn 

Oil  Meal 

1    1  .8960 

;            1    1  .8822 

I            1    1  .8927 

1      .8989 

.1153 
.0944 
.1006 
.2750 
.0126 
.0348 
.0318 

.8824 
.5974 
.6628 
.3788 
.1555 
.4316 
.4509 

.0356 
.02 
.04 
.07 

Bnsilai^e 

Prairie  Hay 

1    |.28 

1    1  .8915 

.0081 
.0141 

Timothy 

1      .8768 

1 

.018 

Digitized  by  VjOOQIC 


344 


INVESTIGATION  IN  MILK  PRODUCTION. 


The  following  ration  was  fed  from  the  1st  to  the  16th 

of  January,  the  amount  of  feed  given  depending  upon  the 

capacity  of  each  animal,  except  as  a  cow  was  nearing  the 

time  of  calving  the  feed  would  be  considerably  lessened  and 

n  some  cases  the  grain  discontinued. 


Lb». 

D.  M. 

DiGBSTIBLB. 

Cott. 

POOD. 

Pro. 

C-H 

Pat. 

Ccotft. 

Bran 

5.60 
2.63 
2.63 
1.43 
6. 
28. 

4.93 
223 
2.25 
1.28 
6.85 
7.84 

.63 
.24 
.25 
.39 
.21 
.86 

2.10 
1.51 
1.68 
.54 
2.59 
4.35 

.19 
.05 
.10 
.10 
.08 
.23 

803 

Barley  

1.77 

Com 

1.77 

Oil  Meal 

1.88 

Prairie  Hay 

.96 

Bnsilage 

2.80 



23.88 

2.07 

12.77 

.75 

12.20 

N.  R.              .1       6.9 

To  give  the  cows  fixed  rations  as  to  quantity  would 
make  most  of  the  work  of  little,  if  any,  value.  Farmers 
who  pay  any  attention  to  feeding  give  ea^ch  anitnal  as 
much  as  it  seems  able  to  digest  and  assimilate.  We  do  the 
same,  but  weigh  and  analyze  the  food  to  secure  accurate 
data.  If  the  quantity  of  feed  each  animal  receives  were 
arbitrarily  fixed,  no  reliable  data  could  be  obtained  showing 
the  relation  between  conformation  and  cost  of  production, 
and  it  is  for  this  reason  that  the  members  of  the  herd  have 
about  what  they  want  as  to  quantity,  so  they  can  make 
such  disposition  of  it  as  the  heredity  and  temperament  of 
each  animal  may  determine. 

The  following  table  shows  the  amount  of  grain,  haj 
and  ensilage  given  to  each  member  of  the  herd  during  the 
second  week  in  January,  the  grain  being  a  mixture  com- 
posed of  100  pounds  of  bran,  50  of  barley,  50  of  com  and 
25  of  oil  meal: 
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NAMB. 


Grain     Hay 


Becklej... 

Betty 

Bcfts 

Clara  

Daisy 

Dido 

Dora 

Fancy 

Gertie 

Houston. 

Jenny 

Mollie 

Nora 

Olive 

Patsy 

PHdc 

Reddy 

Rose 

Rossie 

Rozy 

Sully 

Sweet  B.. 
Topsy 


Grade  Jersey 
Guemse> 
Holstein 
Gr.  Jersey 
Gr.  Guernsey 
"Gr.  Shorthorn 
Jersey 

Polled  Angrus 
Grade  Jersey 
Jersey-Guernsey 
Holstein 
i  Gr.  Shorthorn 
Jersey-Guernsey 
Gr.  Guernsey 
Gr.  Jersey 
Jersey 

Gr.  Guernsey 
Gr.  Shorthorn 
Gr.  Jersey 
Gr.  Jersey 
Gr.  Shun  horn     I 
Gacmsey 
Gr.  Holstein 


8 

8 

8 

10 

8 

12 

12 

12 

10 

8 

8 

6 

10 

12 

12 

8 

12 

12 

12 

12 


6 
6 
6 
6 
6 
4 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
4 
6 
6 
4 
6 
6 
6 


Bnsil- 
age 


24 
24 
24 
24 
24 
24 
24 
24 
28 
28 
28 
24 
24 
24 
20 
24 
20 
28 
24 
28 
28 
28 
28 


On  the  16th  of  January  the  herd  was  divided  into  four 
groups  for  the  purpose  of  comparing  timothy  with  prairie 
hay.  Two  of  the  groups  received  grain  and  timothy  and 
grain  and  prairie  hay  in  alternate  periods.  The  other  two 
groups  received  grain  and  ensilage  with  timothy  and  prairie 
hay  in  alternation. 


TABLB  XIX.— Nutrients  in  Bation  Composed  of  Grain  and  Timothy. 


FOOD. 


D.  M. 

DlOBSTlBLB. 

Cost, 

Lbs. 

Pro. 

CH 

Fat. 

Cents. 

6.17 
3.08 
3.08 
1.65 
14. 

5.R3 
2.72 
2.72 
1.50 
12.28 

.71 
.29 
.31 
.45 
.44 

2.36 
1.84 
2.04 
.52 
6.32 

.22 
.06 
.09 
.12 
.25 

3.39 
2  15 
2.15 
2.14 
3.92 

24.75 

2.20 

18.08 

.74 

13.75 

Bran 

Barley.... 

Com 

Oil  Meal. 
Timothy, 
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TABLE  XX.— Nutrients  in  Bation  when  Compoeed  of  (Huin  and 
Fra'irie  Hay. 


Lbft. 

O.  M. 

Diok»tiblb. 

Cost. 

POOD. 

Pro. 

C-H 

Pat. 

Cents. 

Briiii  . ••• 

6.17 
H.OH 
3.08 
1.66 
14. 

6.53 
2  7:^ 
2  72 
1.60 
12.48 

.71       2.36 
.29       1.84 
.31        2.04 

.461         .62 
.331      6.72 

.22 
.06 
.09 
.12 
.20 

3.39 

Barley « 

Corn 

2.15 
2  15 

Oil  Meal 

3.14 

Prairie  Hay 

2.24 

24.9: 

2.09     12.48 

.69 

12.07 

TABLE  XXL— Nutrients  in  ration  Composed  of  Grain,  Ensilage 

Timothy. 

and 

Lbs. 

D.  M. 

DiOBSTIBLB. 

Cost. 

FOOD. 

Pro. 

C-H 

Fat. 

Cents. 

Bran 

6.29 
2  64 
2.64 
1.41 
It. Of' 
10.00 

32.9^ 

4.74 
2.33 
2.33 
1  28 
9.64 
2.80 

.61 
.26 
.27 
.38 
.3P 
.11 

2.02 
1.68 
1.76 
.46 
4.96 
1.82 

.19 
.06 
.08 
.10 
.20 
.07 

2.91 

Barley 

1.84 

Com  

1.K4 

Linseed  Meal 

1  83 

Timothy 

3  08 

Basila^^e 

100 

23.12 

1.97 

12.08          .69 

1 

12.60 

TABLE  XXII.— Nutrients  in  Bation  Composed  of  Grain,  Prairie  Hay  and 

Ensilage. 


*—  ■■ 

Lbs. 

D.  M. 

DlGBSTIBLB. 

Cost, 

FOOD. 

Pro. 

C-H 

Fat. 

Cents. 

Bran 

6.29 
2.64 
2  64 
1.41 
11.00 
10.00 

4.74 
2.33 
2.33 
1.28 
9.81 
2.80 

.61 
.25 
.27 
.38 
.26 
.11 

2.02 
1.58 
1.76 
.45 
4.60 
1.33 

.19 
.05 
.US 
.10 
.14 
.07 

2.91 

Barley 

Corn 

1.84 
1.84 

Linseed  Meal 

1.83 

Prairie  Hay 

1.76 

Bnsilage 

1.00 

32.98 

23.29 

1.88 

11.62 

.63 

11.18 

During  the  time  covered  by  this  experiment  it  was  nec- 
essary to  give  the  same  amount  of  feed  to  two  of  each  of  the 
groups  and  on  that  account  the  cows  were  given  fixed  ra- 
tions, though  the  quantity  of  feed  given  to  different  cows 
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varied.  The  cows  continued  in  full  flow  during  the  experi- 
ment and  there  was  no  noticeable  change  in  yield  caused  by 
the  different  rations.  There  was  no  difficulty  in  making 
the  changes  from  one  ration  to  another,  for  the  reason  that 
their  bulk,  consistency  and  nutrient  content  were  similar. 
It  was  intended  to  continue  this  experiment  to  the  28th  of 
April,  but  on  account  of  the  mild  weather,  grass  made  an 
unusally  early  start,  the  cows  became  discontented  in  the 
bam  and  yard  and  the  experiment  was  discontinued. 

The  herd  was  turned  to  pasture  on  the  5th  day  of  May 
and  received  daily  a  grain  feed  composed  of  two  pounds  of 
ground  com  and  one  of  bran  until  the  11th  of  July,  when  4 
pounds  of  grain  were  given,— 2  of  bran  and  2  of  corn  meal, — 
and  as  much  green  oats  as  they  wanted.  From  the  18th  of 
August,  6  to  10  pounds  of  hay  and  from  4  to  8  pounds  of 
grain  were  given  in  addition  to  the  little  feed  that  could  be 
picked  up  in  the  pasture  at  night  and  in  the  forenoon. 
From  the  middle  of  July  the  cows  spent  little  of  the  time 
during  the  hot  days  in  the  pasture.  The  lane,  ^ate  and  the 
door  to  the  covered  runways  were  kept  open  so  they  could 
come  up  at  any  time  and  occupy  their  stalls.  The  feed 
given  during  the  summer  and  early  fall  was  as  follows : 

July  11th  to  August  13th,  hay  6  to  10  pounds,  grain  4 
to  8  pounds;  August  14th  to  October  8th,cornlodder8  to  10 
pounds,  grain  6  to  10  pounds;  October  9th  to  October  28th, 
hay  10  to  16  pounds,  grain  8  to  14  pounds.  From  the  29th 
of  October  to  the  5th  of  November  the  cows  were  changed  to 
a  grain  ration  composed  of  ground  wheat  only.  The  wheat 
was  ground  quite  coarse.  For  roughage  they  had  timothy 
hay.  Theleedingwasnot  judiciously  done.  The  feeder,  being 
new  at  the  business,  did  not  realize  that  a  pound  more  or  less 
in  a  ration  might  destroy  the  value  of  data  obtained  in  an 
experiment.  The  cows  were  very  fond  of  the  ground  wheat 
and  by  too  rapidly  increasing  the  grain  several  of  them  lost 
their  relish  for  it  the  first  part  of  the  first  week.  The  quan- 
tity of  feed  given  during  the  two  weeks  appears  in  the 
following  table : 
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TABLE  XXm.— GiTinff  Pounds  of  Wheat  and  Timothy  Fed  to  Each  Oow. 


NAME. 


AlHc 

Becklcy ... 

Bcttic 

Dora 

Bthel 

Houston. 

LrOn 

Lydla 

Nora 

OHvc 

Patsy 

Pnldc 

Qnidee 

Sweet  B.. 

Topsy 

Trickaey.. 


Nov.  5-11 


NOV.  12-18 


Gronnd 
Wheat,  Lbs. 


9 

8 

8 

9 

8 

10 

10 

11 

8 

6 

8 

8 

10 

8 

12 

8 


Timothy 
Lbs. 


Ground         Timothy 
Wheat,  Lbs.         Lbs. 


14 
11 
12 
18 
12 
13 
16 
16 
12 
14 
13 
13 
14 
10 
18 
11 


9 
8 

a 

10 

7 

9 

8 

11 

7 

10 

10 

10 

8 

10 

12 

10 


14 
12 
12 
13 
12 
13 
16 
18 
13 
14 
13 
13 
14 
12 
18 
12 


From  the  13th  to  the  18th  they  took  all  the  wheat  and 
seemingly  were  becoming  accustomed  to  it,  and  it  would 
have  been  continued  had  not  the  feed  been  too  expensive. 

On  the  19th  of  November,  an  experiment  comparing  a 
ration  composed  chiefly  of  wheat  with  a  standard  ration 
was  commenced.  The  two  were  composed  of  the  following 
mixtures : 


STANDARD  RATION. 

Bran  6  pounds. 
Barley  4  pounds. 
Corn  3  pounds, 
Oil  meal  1  pound. 


WHEAT  RATION. 

Bran  6  pounds, 
Wheat  7  pounds. 
Oil  Meal  1  pound. 


The  herd  was  divided  into  two  groups  and  the  time  into 
four  periods  of  two  weeks  each,  with  a  week  intervening 
for  preliminary  feeding.  The  last  period  ended  the  30th  of 
December. 

All  the  cows  were  in  fine  working  condition  during  the 
trial  and  no  abnormal  increase  or  shrinkage  in  milk  took 
place. 
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The  data  given  in  table  XXIX.  is  not  deemed  as  valu- 
able as  would  be  the  case  had  the  herd  been  under  normal 
conditions.  However,  it  will  serve  a  good  purpose  in  show- 
ing the  marked  reduction  in  flow  of  milk  and  jield  of  butter 
fat  when  a  herd  is  subjected  to  unusual  disturbances.  Of  the 
ten  cows  in  the  list,  three  aborted— Bettie,  Nora  and  Topsy. 
AUie  and  Ethel  came  into  the  herd  on  the  first  of  April,  so 
they  are  charged  with  only  the  feed  they  received  during  the 
nine  months  they  were  in  the  dairy.  The  other  cows  arc 
charged  with  all  the  feed  they  consumed  during  the  year 
whether  dry  or  in  milk. 

Feeding  wheat  during  November  and  December  makes 
the  cost  of  dairy  products  a  trifle  higher  than  would  have 
been  the  case  had  cheaper  feed  been  used.  Taking  the  year 
through  the  feeding  was  light  compared  with  that  of  the 
year  previous.  The  yield  falls  far  below  that  of  1893,  but 
this  decrease  is  not  wholly  due  to  light  feeding,  for  it  ap- 
pears that  the  unusual  disturbance  in  the  herd  had  much  to 
do  with  it.  Nor  is  it  expected  that  a  herd  will  do  equally 
well  every  year.  Some  years  are  favorable  to  large  yield 
while  some  are  the  reverse. 

The  average  cost  for  feed  per  cow  for  the.  year  was 
$29.72  against  $37.82  in  1893;  the  average  milk  yield  was 
4.909  for  1894  and  6,407  for  1893;  the  yield  of  butter  fat 
232.8  against  306.9  the  previous  year.  The  cost  for  milk  and 
butter  production  and  the  relation  between  cost  of  produc- 
tion and  type  of  cow  are  practically  the  same  as  was  thecase 
the  year  previous,  with  the  single  exception  of  Sweet  Briar 
whose  butter  product  cost  considerably  more  than  was  ex- 
pected. However,  the  fact  that  she  carried  on  an  average 
80  pounds  more  flesh  during  the  year  would,  in  a  measure 
if  not  entirely,  account  for  the  discrepancy.  The  increase  in 
the  cost  of  butter  fat  from  Pride  has  been  explained  else- 
where. It  will  be  found  as  the  records  of  this  work  accu- 
mulate that  variations  in  yield  of  individual  cows  will 
occur  from  year  to  year  just  as  is  the  case  in  field  crops;  and 
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SO  it  may  happen  that  in  comparing  the  performances  of 
cows  of  difierent  types  and  breeds  that  now  and  then  a 
good  cow's  poor  year  will  be  compared  with  a  poor  cow's 
good  year  to  the  apparent  disadvantage  of  the  former;  but 
the  adaptability  of  a  certain  style  of  cow  for  dairy  work 
has  been  as  fully  and  clearly  demonstrated  in  practical 
dairy  husbandry  as  in  experimental  work. 
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COMPARING  WHEAT  WITH  BARLEY  AND  CORN. 

In  the  northwest  where  wheat  is  the  principal  crop  it 
will  occasionally  occur  that  because  of  enormous  yield  and 
low  market  value,  wheat  could  be  used  to  advantage  for 
stock  feed,  and  the  object  of  this  experiment  was  to  ascer- 
tain its  feeding  value  as  compared  with  a  balanced  ration 
composed  of  the  feed  stuffs  ordinarily  used. 

The  Rations.— In  the  general  plan  of  the  experiment  it 
was  intended  to  gradually  change  the  herd  to  a  grain  ration 
composed  wholly  of  ground  wheat,  but  after  a  preliminary 
feeding  of  two  weeks  it  was  feared  that  the  cows  would  tire 
of  it  before  the  close  of  the  experiment,  so  two  rations  were 
made  of  the  food  stuffs  in  kind  and  quantity  indicated  in  the 
following  formulae: 


TABLE  XXX.~Wheat  Ration. 

Ub«. 

DIGBSTIBLB 

Cort. 

FOOD. 

D.M. 

Fro.    1     C-H 

1 

Pat. 

Cents. 

BrAn 

6 

7  » 

1 
16 
10 

6.46 

6.23 

.94 

14.12 

3.35 

.76 
.77 
.27 
.54 
.11 

2.63 
4.10 
.38 
6.94 
1.02 

.21 
.10 
.06 
.20 
.01 

3.3 

Wheat................ ......".........!!!!.. 

7.0 

Oil  Meal 

1.3 

Timothy 

S.8 

Roots 

1.0 

38.10 

2.44 

14.96 

.58 

'    16.4 

Total  digestible  natrients,  17.98.    Natritlve  ratio,  1:6.7. 


TABLE  XXXI.- Standard  Ration. 


Lbs. 

D.M. 

DIGBSTIBLB. 

Cott. 

FOOD. 

Pro.    1     C-H        Pat. 

1 

Cent!. 

Bran 

6 

4 

3 

1 

16 

10 

5  46 
3.63 
2.70 
.94 
14.12 
1.35 

.76 
.36 
.27 
.27 
.64 
.11 

3.63 
3.47 
3.05 
.88 
6.94 
1.03 

.21 
.07 
.09 
.06 
.20 
.01 

S.8 

Parley  

Com 

3.8 
a.1 

Oil  meal  

IJ 

Timothy 

44 

Beets 

1.0 

j    28.20 

3.80 

15.38 

.64 

li.9 

Total  digestible  nutrients,  18.32.    Nutritive  ratio,  1:7.8. 
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The  COWS  were  not  all  fed  the  quantity  indicated  in  the 
two  rations,  but  the  grain  was  always  mixed  in  the  propor- 
tion stated  in  the  formulae  and  each  cow  received  as  much 
as  she  could  make  use  of  The  amount  actually  consumed 
by  each  will  appear  in  the  proper  table. 

The  Cows  Employed, — The  following  table  gives  the 
names  of  the  cows  selected  for  the  experiment,  age,  breeding, 
weight  at  beginning  and  close  of  experiment,  date  of  calv- 
ing and  time  of  service. 

TABLB  XXXII.-^ivinflr  liist  of  Cows  in  the  Trial. 


NAME 


Bettie 

Dora. 

lA>a 

Sweet  B.. 
Trick  aey. 
Qnidee.... 


BccWey.... 
ConntcflB. 
Houston.. 

I.Tdia 

Ofire 

Tojwy 


Age 


9 
12 

8 
11 

2 

3 


3 
10 
11 

6 
11 

9 


Breed 


Guernsey 

Jersey 

Holstein 

Guernsey 

Guernsey 

Holstein 


Grade  Jersey 

Holstein 

Jersey-Guernsey 

Swiss 

Grade  Guernsey 

Grade  Holstein 


Wt.  at 
Begin- 

Wt. at 
Close 

ning 

842 

910 

862 

900 

1176 

1128 

1062 

1084 

723 

746 

786 

867 

838 

852 

1193 

1179 

9t9 

920 

1013 

1080 

790 

815 

1131 

1153 

Date 
of  Calving 


•July  2. 1894 
April  16, 1894 
Oct.  23.  1894 
Nov.  17,1894 
Oct.  9.  1894 
Oct.  23,  1894 


Sept.  8.  1894 
Nov.  17,1H94 
Oct.  29,  1894 
Nov.  4.  1894 
Nov.  8,  18V*4 
Oct.  10,  1894 


Date 
of  Service 


Dec.  17,  1894 
Sept.  4,  1894 
Jan.  30,  1895 
Dec.  17,  1894 
Jan.  2,  1896 
Jan.  3,  1896 


Dec.  25.  1894 
Feb.  2,  1896 
Peb.  19,  1896 
Feb.  16,  1896 
Jan.  14,  1896 
Dec.  23,  1894 


♦  Aborted. 


The  COWS  were  divided  into  two  groups  of  six  each  and 
the  time  of  the  experiment  info  four  periods  of  two  weeks 
each,  with  a  week  intervening  for  preliminary  feeding.  The 
cows  were  in  fine  working  condition  during  the  experiment 
and  nothing  occurred  which  would  produce  abnormal  re- 
sults either  in  yield  of  milk  or  butter  fat.  During  period 
I.  group  1  was  fed  on  the  standard  ration  and  group  2  on 
the  wheat  ration,  each  group  receiving  timothy  hay  and 
roots  for  roughage  though  not  the  same  amount  of  the 
former.  During  period  II.  group  1  received  the  wheat 
ration  while  group  2  was  fed  on  the  standard  ration,  and 
daring  periods  III.  and  IV.  the  same  routine  was  repeated. 

The  following  table  gives  the  amount  of  grain,  hay  and 
roots  consumed  and  milk  and  butter  fat  produced  by  each 
cow  in  group  1.: 
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Upon  examination  of  the  table  it  will  be  observed  that 
while  there  was  a  slight  variation  in  yield  of  dairy  products 
by  some  of  the  cows,  and  while  there  was  a  gradual  shrink- 
age in  yield  of  milk,  there  was  only  a  slight  shrinkage  in 
butter  fat  by  the  group  during  the  third  period,  and  this 
was  more  than  made  up  in  the  last  period,  when  it  gave 
over  two  pounds  more  of  butter  fat  than  it  did  during  the 
first  period. 

The  following  table  gives  the  amount  of  grain,  hay  and 
roots  consumed  and  milk  and  butter  fat  produced  by  each 
cow  in  group  2 : 
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Upon  examination  of  the  totals  of  butter  fat  produced 
by  the  group  it  appears  that  there  was  no  marked  difference 
in  the  yield  of  butter  fat  during  the  diflerent  periods.  There 
was  a  slight  increase  during  the  second  period  when  on  the 
standard  ration,  but  this  was  more  than  made  good  by  the 
yield  given  in  the  third  period  on  the  wheat  ration.  Com- 
bining the  results  obtained  by  the  two  groups  of  cows  while 
fed  on  the  standard  ration  we  have  the  following  table: 

SUMMARY  OF  RESULTS. 

TABLE  XZXV.—OiTini:  the  Pounds  of  Food  Oonsoxned  and  Milk  and 
Butter  Fat  Prodnoed  with  the  Standard  Ration. 


Grain. 


Hay. 


Lot  1.  Period  I.... 
Lot  1.  Period  III 
Lot  2,  Period  il... 
Lot  2.  Period  IV. 


924 

952 

1057 

1050 

1120 
1116 
1218 
1302 

3983 

4802 

Beets. 

Milk. 

Butter 
Fat. 

660 
695 
695 
630 

2380 

1966  2 
1889.7 
2684.1 
2543.0 

87.46 
86.87 
99.30 
9846 

9072.0 

371.09 

Combining  the  results  obtained  by  the  two  groups 
while  fed  on  the  wheat  ration  we  have  the  following 
table:  ...joob  io 

.  '^^  ^m  od  Iliw  8no3ii 


UEto: 


--P*i*«?^Jr&??>^ 


rS^he  Pounds  of  Food  Oonsnmed  and  MUk  and 
need  WhUe  Feeding:  the  Wheat  Ration. 


Lot  3,  Period  I 

Lot  2,  Period  Ill- 
Lot  1,  Period  II..., 
Lot  1.  Period  IV.. , 


Grain. 


1043 

1036 

931 

959 


3969 


Hay. 


1218 
1218 
1134 
1246 


48 16 


Roots. 


560 
560 
577 
630 


2327 


MUk 


I  Butter 
Fat 


26«1.3 
2584.7 
1939.1 
1842.6 


9047.7 


97.72 
99.67 
87. 'J  8 
89.72 


374.39 


Milk. 

standard  ration 9072.0 

Wheat  ration 9047.7 


In  faTOr  of  Standard  Ration 24.3 


Butter  fat. 

Wheat  ration 374.39 

Standard  ration 371.09 

In  fayor  of  Wbeat  Ration 8.30 
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The  amount  of  grain  and  roughage  consumed  by  the 
two  groups  while  taking  the  two  kinds  of  grain  rations 
was  practically  the  same  with  the  exception  that  while  eat- 
ing the  standard  ration  they  received  53  pounds  more  of 
roots  than  when  the  wheat  ration  was  fed.  In  comparing 
the  yield  of  dairy  products  from  the  two  rations  it  is  fonnd 
that  24.3  pounds  more  milk  was  secured  from  the  standard 
ration  and  3.3  pounds  more  butter  fat  from  the  wheat 
ration.  This  is  believed  to  be  merely  incidental  since  snch 
slight  variations  occur  where  there  is  no  change  of  feed. 
The  experiment  indicates  that  by  weight  wheat  has  a  feed- 
ing value  equal  to  barley  and  corn. 

DRY  MATTER  IN  THE  RATIONS. 

In  comparing  the  feeding  value  of  different  food  stuffs 
the  organic  matter  contained  in  each  should  be  considered 
as  well  as  the  weight  of  the  different  foods.  This  seems 
especially  important  where  a  series  of  experiments  are  to  be 
made  to  get  a  better  understanding  of  the  mysteries  of 
animal  nutrition,  as  is  the  case  at  this  station.  If  there  is 
any  special  virtue  in  certain  feed  stuffs  or  in  certain  nutri- 
ents in  all  kinds  of  feed  it  is  of  vital  importance  that  it 
should  be  discovered  and  clearly  demonstrated  by  American 
experiment  stations.  With  a  view  of  accumulating  ma- 
terial data  upon  this  subject,  comparisons  will  be  made  in 
the  dry  matter  -and  digestible  nutrienteiiarvAagestilalejqKatBii 
contained  in  the  feed  stuffs  as  well  ai^^flSjify  S^iSSnparison 
of  the  weight  of  the  feed  consumed.  It  is  especially  im- 
portant to  reduce  to  some  common  factor  all  feed  that 
varies  greatly  in  per  cent,  of  water  content  and  digestibility. 
The  following  table  gives  the  amount  of  dry  matter  con- 
sumed by  each  cow  determined  by  actual  chemical  analysis 
of  a  sample  of  each  of  the  feed  stuffs  used  during  the  experi- 
ment, the  total  amount  of  dry  matter  consumed  and  milk 
and  butter  fat  produced  by  the  group  with  each  ration  and 
the  average  number  of  pounds  of  dry  matter  required  by  the 
group  with  the  different  rations: 
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By  calculating  the  digestible  protein  contained  in  the 
feed  consumed  during  the  trial  we  find  that  when  the  cows 
were  taking  the  standard  ration  they  returned  a  pound  of 
butter  fat  for  every  one  and  eight-tenths  of  a  pound  oi 
digestible  protein  consumed;  and  with  the  wheat  ration  it 
required  one  and  eighty-three  hundredths  pounds.  It  ap- 
pears that  there  is  practically  no  difference  between  the 
feeding  value  in  weight  of  ground  wheat  and  ground  com 
and  barley. 


Digitized  by  VjOOQIC 


366  INVESTIGATION  IN  MILK  PRODUCTION. 

COMPARING  PRAIRIE  HAY  WITH  TIMOTHY. 

In  the  states  of  Minnesota  and  North  and  South  Da- 
kota there  are  vast  areas  of  land  that  are  still  covered  vnth 
wild  grasses  that  are  used  for  roughage  in  both  milk  and 
meat  production.  It  has  been  quite  a  common  belief  that 
good  dairy  products  can  only  be  made  by  using  such  hay  as 
clover,  timothy,  red  top,  etc.  The  many  premiums  that 
have  been  won  in  state  and  national  contests  on  butter 
made  from  prairie  hay  has  shown  that  it  j'ields  a  product 
at  least  equal  to  that  produced  from  tame  hay.  To  more 
carefully  study  the  feeding  value  of  wild  hay  grown  on  river 
bottoms,  this  experiment  was  made,  which  is  in  a  measure  a 
duplicate  of  that  reported  in  Bulletin  35. 

Character  of  the  Hay  Feed. — The  prairie  hay  used  was 
from  bottom  land  along  the  Chippewa  river  in  Swift  county 
and  was  rather  coarse  in  blade,  cut  in  good  season  and 
well  cured,  differing  from  that  used  in  the  former  experiment, 
which  was  upland  hay.  The  cows  were  exceedingly  fond  of  it 
and  ate  all  that  was  given  them.  The  timothj-^  was  medium 
fine  and  rather  short,  having  been  grown  on  light  soil.  It 
was  of  good  color,  cut  early  and  not  cured  too  much,  as  is 
almost  universally  the  case  in  this  climate  with  bay  in- 
tended for  dairy  cows.  In  addition  to  the  hay  the  cows 
were  fed  ensilage  and  grain.  The  ration  was  composed  of 
six  parts  bran,  two  parts  ground  corn,  five  parts  ground 
wheat  and  one  part  cottonseed  meal,  for  the  grain;  and  four- 
teen pounds  of  ensilage  and  eighteen  pounds  of  hay  for  the 
roughage.  Each  cow  was  fed  as  much  as  she  would  eat  up 
clean. 

The  Cows  in  the  Experiment. — Twelve  cows  were  selected 
for  the  experiment.  They  were  divided  into  two  groups, 
each  giving  about  an  equal  amount  of  milk  and  butter  fat. 
The  following  table  gives  the  name,  age,  breeding,  weight  at 
beginning  and  close  of  experiment,  date  of  calving  and  when 
bred. 
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TABLE  XLI. -Prairie  Hay  ▼■.  Timothy  Hay.    1895. 


NAME. 


I  Afte 


Breed 


t 

1 
Berkley  2.1 
Coantess...! 
Houston...; 

Lou 1 

Olive 1 

I. 

I, 
o 

t 

H. 

Reddic ; 

Belle 

Ljdia 1 

Uuidee 

Sweet  B.... 

Topsy , 

Tricksey....! 

3    Grade  Jersey 
10|   Holstein 

II  Jersey-Guernsey 
8    Holstein 

III  Grade  Guernsey 
2    -       -    - 


3 

11 

9 

2 


Wt.  at 
Befdn- 
ninK 

860 
118H 

925 
1140 

800 


Wt.  at 
Close 


Date  of 
CalvinK 


Grade  Jersey 

750 

786 

Gr.  Shorthorn 

935 

960 

Brown  Swiss 

1080 

1085 

Holstein 

866 

874 

Guernsey 

1090 

1060 

Grade  Holstein 

1146 

1172 

Guernsey 

746 

760 

866 1  Sept.  8.  1894 
1190iNov.  17.1894 

895  Oct.  29,  1894 
1116'Oct.  23.  1894 

792  Nov.  8,  1894IJ 
19,  1894p 


Nov.  4,  1894 
Oct.  23.  1894 
Not.  17,1894 
Oct.  10.  1894 
Oct.  9.  1894 


Date  of 
Service 


Dec.  26,  1894 
Feb.  2.  1896 
Feb.  19.  1896 
Jan.  SO,  1896 
~an.  14,  1896 
an.  9,  1896 

Jan.  27,  1895 
Feb.  16,  1896 
Jan.  3.  1896 
Dec.  17.  1894 
Dec.  23,  1894 
Jan.  2.  1895 


The  experiment  was  divided  into  four  periods  of  two 
weeks  each  with  a  week  intervening  for  preliminary  feeding, 
which  was  begun  on  the  11th  of  February  and  continued 
one  week;  the  experiment  proper  commenced  the  morning  of 
the  18th  and  continued  until  the  evening  of  March  3d,  lot 
1  receiving  grain,  ensilage  and  prairie  hay,  while  lot  2 
received  grain,  ensilage  and  timothy  hay.  Period  II.  com- 
menced March  4th,  continuing  to  March  14th,  inclusive. 
Lot  1  was  fed  grain,  ensilage  and  timothy,  and  lot  2  grain, 
ensilage  and  prairie  hay.  This  program  was  repeated  dur- 
ing periods  III.  and  IV.,  with  the  exception  that  each  was 
shortened  one  week  for  the  reason  that  the  weather  was 
getting  mild  and  it  was  feared  that  there  would  be  an 
abnormal  shrinkage  by  some  of  the  cows  on  account  of  a 
longing  to  get  to  pasture.  Later  on  such  really  proved  to 
be  the  case,  and  it  was  exceedingly  fortunate  that  period  III. 
was  shortened  one  week,  for  period  IV.  could  not  have  been 
continued  another  week.  We  find  that  the  week  before 
going  to  pasture  is  the  most  critical  one  in  the  whole  year. 
Cows  scent  the  new  grass  and  some  are  apt  to  eat  a  very 
light  ration  and  shrink  in  milk  and  sometimes,  though  not 
always,  in  butter  fat. 

The  grain,  ensilage  and  hay  consumed  and  milk  and 
butter  fat  produced  by  lot  2  during  the  four  periods  is 
given  in  the  following  table: 
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The  COWS  did  not  maintain  a  uniform  flow  of  milk  and 
yield  of  butter  fat  during  the  four  periods.  Houston  and 
Reddie  2d  kept  up  a  lull  flow  during  the  first  two  periods 
and  the  latter  shrank  in  yield  of  butter  fat  but  a  trifle  dur- 
ing the  last  two  periods.  Aside  from  these  two  the  shrink- 
age was  gradual  and  quite  uniform  with  lot  1. 

The  table  on  opposite  page  gives  the  amount  of  grain, 
ensilage  and  hay  eaten  and  milk  and  butter  fat  produced 
by  each  cow  in  lot  2  during  the  four  periods: 

With  lot  2  there  was  as  marked  a  shrinkage  during  the 
third  period  as  was  the  case  with  lot  1,  which  is  an  indica- 
tion that  the  shrinkage  was  caused  by  conditions  other 
than  the  feed.  During  the  time  intervening  between  periods 
II.  and  III.,  lot  2  actually  gained  in  yield  of  butter  fat. 
Upon  examination  of  tbe  Foreman's  Daily  Report  it  is 
found  that  during  period  III.  the  cows  were  turned  into  the 
yard  during  the  day,  which  was  not  the  case  during  the 
two  preceding  periods.  It  also  appears  that  there  was  an 
unusual  disturbance  in  the  herd  during  the  month  of  April, 
such  as  change  in  milkers,  caused  by  the  School  of  Agri- 
culture closing  the  last  of  March;  change  in  the  order  of 
milking  certain  cows;  leaving  the  cows  in  the  yard  during 
pleasant  days  and  then  confining  them  in  the  barn  during 
cold  rains  or  raw  windy  days. 

To  so  manage  a  herd  ot  dairy  cows  that  no  change  in 
flow  of  milk  and  yield  of  butter  fat  is  produced  except  by  the 
feed  or  conditions  under  trial  is  a  very  difficult  matter,  and 
it  is  only  by  numerous  trials  and  being  entirely  familiar 
with  all  animals  used  in  the  experiment  and  knowing  all 
conditions  bearing  upon  it  that  reliable  data  can  be  ob- 
tained. 
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Combining  the  results  obtained  from  lots  1  and  2  when 
prairie  hay  was  fed  we  have  the  following  table: 


TABLE  XUV— Tield  when  Prairie  Hay  was  Fed. 


Lot  1  P.  I 

Lot!  P.  III. 
Lot  2  P.  II... 
Lot  2  P.  IV.. 


1 

[    Grain 

Bnsilage 

Prairie 
Hay 

1120 
567 

1162 
681 

Milk 

Batter 
Fat 

1 

1         889 
462 
824 

1         476 

868 
466 
910 

489 

2094.6 

982.4 

2191.7 

1040.2 

88.25 
39.71 
92.29 
42  06 

2651 

2702 

3430 

6308.8 

262.30 

Combining  the  results  obtained  from  lots  1  and  2  when 
timothy  was  fed  we  have  the  following  table: 

TABLE  XLV.— Yield  when  Timothy  was  Fed. 


Grain 


Lot  1  P.  II 896 

Lot  1  P.  IV 462 

Lot  2  P.  1 824 

Lot  2  P.  Ill 476 


2668 


Ensilage 

868 
448 
910 
462 

2688 

Prairie 
Hay 

1120 
667 

1176 
681 

3444 

Milk 


Bntter 
Fat 


2137.8  ,  84.27 

969.4  36.88 

2249.7   '  92.88 

1033.6  42.34 


6380.5     266.37 


Batter 
Fat 
Prairie  Hay...  262.30 
Timothy 256.37 


Milk 

Timothy 6380.6 

Prairie  Hay...  6308.8 


6.93  Favor  Prairie  Hay. 


71.7  Favor  Timothy. 


Comparing  the  milk  and  butter  fat  yielded  when  the 
two  kinds  of  hay  were  fed  it  is  found  that  the  cows  pro- 
duced 71.7  pounds  more  milk  when  timothy  was  fed  and 
5-93  pounds  more  butter  fat  when  prairie  hay  was  fed. 

The  following  table  gives  the  average  weight  of  each 
cow  during  the  four  periods  and  the  average  weight  of  each 
lot  at  the  beginning  and  the  close  of  the  experiment: 
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TABI«B  XLVI.— Average  Weight  of  Each  Oow  Daxinff  Baoli  Period. 


NAMB. 


;  February  11 

to 

March  3 


March  4 

to 
March  24 


March  26 

to 

ApHl  7 


I 


Aprils 

to 
April  21 


Lot  1 


fBcckley 

Countess.. 
Houston.. 

Lou 

Olive 

Reddle  2 .. 


Arerage.. 


844 
1195 

914 
1138 

800 

748 


940 


848 
1177 

908 
1110 
.  793 

760 


873 

868 

1176 

1190 

908 

898 

1100 

1112 

790        1 

793 

786 

786 

LOT2 


Belle 

Lydia ^. 

Quidee 

Sweet  Briar.. 

Topsy 

Tricksey  2.... 


930 


938 

960         1 

960 

948 

1071 

1086 

1076 

1088 

867 

891 

870 

874 

1090 

1063 

1066 

1060 

1162 

1160 

1136 

1173 

739 

748 

746 

760 

Average. . 


943 


988 


To  show  the  diflFerence  in  cost  of  production  when  the 
two  kinds  of  hay  were  fed  four  tables  are  submitted,  show- 
ing the  amount  of  feed  consumed  and  milk  and  butter  fat 
produced  and  cost  of  producing  a  hundred  pounds  of  milk 
and  a  pound  of  butter  fat  by  each  cow  during  the  four  periods. 

The  ruling  price  of  feed  stuffs  used  in  the  experiment 
during  the  winter  of  1894-95  were  : 

TABLE  XLVn.— aivlnff  Prices  of  Feed  Used. 


POOD. 


Timothy 

Prairie  Hay 

Wheat 

Bran 

Barley .., 

Com 

Oil  Meal 

Cotton  Seed  Meal 
Bnsilage , 


*er  Ton 

Per  Pound 

Cents 

$6.60 

.28 

8.30 

.16 

20  00 

1.00 

11.00 

.66 

14.00 

.70 

14.00 

.70 

26.00 

1.30 

28.00 

1.40     . 

2.00 

.10 

To  examine  the  difference  in  cost  of  production  of  butter 
fat  with  the  two  kinds  of  hay,  and  incidentally  to  note  the 
cost  of  producing  butter  from  the  different  cows,  the  follow- 
ing tables  were  prepared,  showing  the  cost  of  the  feed  con- 
sumed by  each  cow,  the  milk  and  butter  fat  produced  and 
the  cost  of  a  pound  of  butter  fat: 
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TABLE  XliVIII.— Cost  of  Butter  Fat  with  Lot  1. 


•o 

1 

Timothy  Hay                 i 

PRAJRlB   Hay 

NAME. 

Cost  of 

Cost  of 

Cost  of 

Milk 

Batter 

lib. 

Cost  of 

Milk     Better 

lib. 

feed 

fat 

Butter 

feed 

Bntter 

II 

fat.  cts. 

1 

fat.  eta. 

Becklcy  2  ... 

$1,582 

184.3 

10.27 

16.4 

$1,380 

195.7 

11.40 

12.1 

IV 

.798 

86.3 

4.60 

17.4 

.697 

86.8 

4.65 

15.0 

Cotmtess 

II 

2.238 

609.7 

14.41 

16.6 

1.970 

580.8 

15.88 

12.4 

IV 

1.194 

284  9 

6.93 

17.2 

1.051 

280.1 

7.34 

14.8 

Houston...  . 

II 

2.010 

363.9 

19.36 

10.4 

1.791 

342.8 

19.41 

9.2 

IV 

1.005 

169.5 

8.56 

11.7 

.896 

168.9 

8.96 

10.0 

Lon 

II 

2.088 

470.1 

16.84 

12.4 

1.836 

468.5 

17.64 

10.4 

IV 

1.044 

181.5 

6.18 

16.9 

.918 

211.4 

7.82 

11.7 

OUre 

II 

1.609 

306  9 

12.64 

12.7 

1.408 

303.3 

13.02 

10.8 

IV 

.805 

141.3 

5.60 

14.4 

.704 

138.8 

5.88 

11.9 

Reddi«2 

II 

1.582 

202.9 

10.75 

14.7 

1.324 

213.4 

10.90 

12.1 

IV 

.853 

55.9 

5.01 

17.0 

.760 

96.4 

6.06 

15.0 

Total 

16.808 

3097.2 

121.16 

14.736 

3076.9 

127.96 



Average... 

13.9 

11.6 

TABIiB  XLIX.— Ck>8t  of  Bntter  Fat  with  Lot  2. 


1 

1 

I 
III 

I 
III 

I 
III 

I 
III 

I 
III 

I 
III 

Cost  of 
feed 

Timothy  Hay 

Prairib  Hay 

NAMB. 

Milk 

Bntter 
fat 

Cost  ol 

lib. 

Butter 

fat.  cts. 

iCost  of 
]   Feed 

Milk 

Batter 
Pat 

Cost  of 

lib. 
Batter 
fat.  eta. 

Belle  

$1,667 

.821 

2.127 

1.<J86 

1.760 

.880 

2.088 

1.044 

2.456 

1.228 

1.431 

.805 

262.7 
126.8 
416.9 
182.7 
361.1 
174.8 
376.7 
177.6 
612.3 
266.2 
220.0 
105.5 

11.24 

5.35 
15.01 

6.25 
12.81 

5.99 
20.84 

9.05 
21.37 

9.90 
11.61 

5.80 

14.8 
15.3 
14.2 
17.4 
13.7 
147 
10.0 
11.5 
11.5 
12.4 
12.3 
13.9 

$1.47J 

.787 
1.847 

.960 
1.541 

.778 
1.836 

.918 
2.153 
1.077 
1.247 

.704 

276.3 
138.1 
390.7 
183.0 
378.7 
169.4 
361.2 
180.2 
560.5 
268.6 
224.3 
11C.9 

11.67 

5.50 
14.23 

6.49 
13.45 

5.62 
19.18 

8.87 
21.58 

9.85 
12.18 

5.72 

12.6 

Belle 

13.4 

Lydia 

12.9 

Lydia 

14.8 

Quidee 

11.5 

0«idec 

Sweet  Briar 
Sweet  Briar 
Topsy 

Trfcksey  2*" 
Trlckse7  2 

13.8 
9.6 
10.3 
10.0 
10.9 
10.3 
12.3 

Total 

17.393 

3283.3 

135.22 

15.269 

3231.9 

134.34 

A.yreTeigc ... 

12.8 

11.4 



Combining  the  cost  of  feed  and  yield  of  milk  and  butter 
fat  of  lots  1  and  2  when  timothy  was  fed  and  the  cost  of 
feed  and  milk  and  butter  fat  produced  by  the  two  lots  when 
prairie  hay  was  fed,  it  appears  that  with  the  timothy  hay  it 
cost  13.3  cents  to  produce  a  pound  of  butter  fat  and  with 
prairie  hay  it  cost  11.5  cents,  being  a  difference  of  1.85 
cents  per  pound  in  favor  of  prairie  hay. 
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The  difference  in  cost  of  production  is  due  simply  to  the 
difference  in  the  price  of  timothy  and  prairie  hay.  In  a 
similar  experiment  reported  in  Bulletin  35  on  page  72  it  ap- 
pears that  when  grain  and  timothy  were  fed  it  cost  18.8 
cents  to  produce  a  pound  of  butter  fat  and  with  prairie  hay 
it  cost  16  cents  or  17.5  per  cent,  less  with  prairie  hay,  while 
in  this  trial  it  cost  16.15  per  cent,  less  to  produce  butter 
fat  when  prairie  hay  is  fed  than  it  did  with  timothy. 

In  this  experiment  it  cost  for  feed  $64.20  to  produce 
518.67  pounds  of  butter  fat.  which  is  an  average  of  12.3 
cents  per  pound.  In  the  experiment  reported  in  Bulletin  35, 
which  commenced  the  12th  of  February  and  ended  the  29th 
of  April  the  year  prior,  it  cost  $43.51  to  produce  249.21 
pounds  of  butter  fat  from  groups  1  and  2,  being  an  average 
cost  per  pound  of  17.4  cents.  With  grou|>s  3  and  4  it  cost 
16.3  cents. 

The  price  of  feed  stuffs  during  the  year  1893  and  for  the 
winter  of  1893-94,  reported  in  Bulletin  35,  and  for  the  year 
1 894  and  the  winter  of  1894-95  were  the  same,  but  the  rations 
ied  in  the  two  trials,  comparing  timothy  with  prairie  hay, 
were  quite  different  as  to  cost  and  feed  stuffs  used.  In  the 
first  experiment  the  ration  contained  6  pounds  of  bran,  3 
pounds  of  barley,  3  pounds  of  corn  and  1.6  oilmeal,  while  in 
this  we  have  6  of  bran,  5  of  wheat  and  1  of  cottonseed 
meal.  Since  wheat,  barley  and  corn  have  practically  the 
same  feeding  value,  pound  for  pound,  and  the  cows  being 
charged  a  cent  a  pound  for  wheat,  while  corn  and  barley 
could  be  substituted  for  .7  of  a  cent  per  pound,  the  cost  of 
production  is  higher  than  would  be  the  case  if  corn  and 
barley  had  been  fed  in  place  of  the  wheat. 

To  further  examine  the  bearing  the  two  kinds  of  hay 
have  on  butter  production,  comparisons  will  be  made  upon 
the  basis  of  dry  matter  and  digestible  nutrients  in  the  two 
rations  fed  during  the  experiment: 
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It  appears  from  the  above  summary  that  it  required  .95 
of  a  pound,  more  of  dry  matter  to  produce  one  hundred 
pounds  of  milk  when  prairie  hay  was  fed  than  it  did  with 
timothy  hay,  and  that  it  required  .58  of  a  pound  of  dry 
matter  less  to  produce  a  pound  of  butter  fat  when  prairie 
hay  was  fed  than  it  did  with  timothy.  The  diflFerence 
is  so  slight  that  it  confirms  the  general  conclusion  that  the 
two  kinds  of  hay  have  equal  feeding  value. 
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HERD  RECORD  FOR  1895. 


So  many  changes  took  place  in  the  station  dairy  herd  dur- 
ing the  year  1895  that  the  number  which  remained  during 
the  whole  year  is  quite  small.  It  is  the  aim  to  account  for 
every  animal  that  comes  into  the  herd  and  to  publish  the 
record  of  all  the  cows  that  remain  during  one  period  of  lacta- 
tion. Not  all  of  the  records  can  be  used  in  calculating  cost 
of  production  or  in  forming  groups  based  on  conformation. 
It  is  found  that  immature  cows  cannot  be  used  in  making 
comparisons  in  cost  of  butter  production,  because  the  grow- 
ing heifer  always  uses  part  of  the  nutriment  in  the  teed  in 
building  the  body.  It  sometimes  happens  that  a  cow  in  her 
prime  does  very  unsatisfactory  work  during  a  whole  period 
of  lactation,  simply  because  she  did  not  start  under  favor- 
able or  normal  conditions.  Old  cows  with  defective  udders, 
impaired  digestion  or  unsound  teeth  cannot  be  used 
when  careful  woi*k  is  intended.  But  ii  an  old  cow  is  sound 
she  can  do  as  good  work  when  twelve  years  old  as  she 
could  when  younger.  A  cow's  annual  yield  will  vary,  be- 
cause of  the  different  conditions  which  exist  from  year  to 
year.  Again,  a  cow  may  be  temporarily  out  of  condition 
sometime  during  her  period  of  lactation  and  thus  fail  to  do 
an  average  year's  work.  Some  are  very  sensitive  and  when 
under  the  care  of  a  gruflF  or  careless  and  indifferent  attend- 
ant or  milker  will  not  do  normal  work.  There  are  numer- 
ous instances  where  whole  herds  of  selected  dairy  cows, 
representing  the  finest  breeding  and  individually  well  adapt- 
ed for  dairy  work,  have  proven  a  failure  both  as  breeders 
and  milk  and  butter  producers  simply  because  they  were 
kept   with    and     handled     by    attendants   who   had   been 
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accustomed  to  the  care  of  beef  cattle  and  who  gave  the 
sensitive  dairy  cow  the  same  kind  of  treatment  that  they 
were  in  the  habit  of  giving  the  beef  animals.  So  it  follows 
that  there  will  always  be  a  considerable  diversity  of  opinion 
in  regard  to  the  merits  of  different  breeds  and  types  of 
cattle,  even  where  the  opinions  are  based  upon  actual  ex- 
perience and  demonstration. 

It  has  been  the  purpose  from  the  establishment  ot  the 
herd  to  so  handle  the  cows  that  they  will  give  the  greatest 
amount  of  dairy  products  for  the  maximum  time  at  the 
minimum  cost.  With  this  object  in  view  neither  the  herd 
nor  a  single  member  of  the  herd  can  be  fed  above  a  fair  aver- 
age ration  for  even  a  week,  for  by  so  doing  her  future  use- 
fulness would  be  in  peril  and  the  time  of  her  dairy  work 
shortened. 

Sometimes  it  becomes  desirable  or  necessary  to  feed 
cows  kept  at  an  experiment  station  a  kind  of  food  that  is 
more  expensive  than  another  having  equal  or  greater  feed- 
ing value,  and  in  such  cases  cost  of  producing  dairy  products 
is  greater.  Such  was  the  case  during  the  first  four  months 
in  the  year  when  a  considerable  portion  of  the  ration  was 
wheat. 

The  Herd,— The  number  of  cows  working  in  the  herd  the 
whole  of  the  year  was  thirteen.  Of  these  Belle,  Countess, 
Lou,  Lydia  and  Quidee  were  purchased  in  the  autumn  of 
1894;  Beckley  2d,  Reddie  2d  and  Tricksey  2d  were  heifers 
with  first  calf  and  had  been  reared  on  the  University  farm; 
Ethel,  Houston,  Sweet  Briar  and  Topsy  were  in  the  herd 
the  year  previous.  Allie,  Pride  and  Nora  were  with  the 
herd,  but  their  record  cannot  be  included,  as  they  were  not 
under  normal  conditions.  Allie  was  slaughtered  for  beef 
and  Nora  and  Pride  were  out  of  condition  for  some  con- 
siderable time.  Patsy  was  sold  for  a  family  cow  and  Bettie 
and  Dora  died  of  milk  fever.    This  accounts  for  all  the  cows. 

The  following  is  a  list  of  the  cows,  their  breeding,  days 
in  milk  and  yield  of  milk  and  butter  fat: 
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TABLE  liTV.— Total  Individual  Yields  of  Milk  and  Butter  Fat. 


NAME 

Bccklcy  2d 

Belle 

Countess 

Ethel 

Houstun 

Lou 

BREED 

Days  in 
Milk 

Lbs.  of 
Milk 

Grade  Jersey 

365                 4794.4 

Grade  Shorthorn 

Holstcin 

304                  5762.9 
318               11736.6 

Grade  Shorthorn 

Jersey-Guernsey 

Qradc  Holstetn 

239                  5149.4 
306                 6700.7 
330                     ft22«.R 

Lvdia 

oiive 

Quidce  2d 

Kcddie  2d 

Sweet  Briar 

Swiss 

Grade  Guernsey 

HoJstein 

Grade  Guernsey 

Guernsey 

302 
316 
331 
329 
340 
330 
329 

7131.2 
6748.1 
7645.1 
5115.0 
8426.7 

Topsy 

Tricksey  2d 

Grade  Holstcin 

12S24  8 

Guernsey 

6480.2 

Average 

317 

7418.6 

Lbs.  of 
Butter  Fat 


262.65 
243.91 
295.05 
207.05 
346.65 
331.7a 
266.13 
276.9  i 
266.75 
260.30 
419.93 
474.96 
287.49 


302.28 


As  in  former  years  each  milking  was  weighed  and  tested 
by  the  Babcock  test  for  per  cent,  of  butter  fat.  The  yield  of 
milk  and  butter  fat  of  each  individual  and  of  the  herd  is  be- 
lieved to  be  about  normal  work,  except  that  Sweet  Briar 
exceeded  her  normal  yearly  yield  by  from  fifty  to  seventy- 
five  pounds. 

The  heifers  Beckley  2d,  Quidee  2d,  Reddie  2d  and  Tricksey 
2d  gave  on  an  average  269  pounds  of  butter  fat,  which  is 
equivalent  to  314  pounds  of  butter. 

The  largest  yield  of  both  milk  and  butter  fat  is  by  the 
grade  Holstcin  Topsy,  making  the  third  consecutive  year 
that  she  leads  the  herd  in  quantity  of  milk  and  butter  fat. 
The  next  largest  yield  of  milk  was  by  the  registered  Hol- 
stcin **The  Countess,'*  giving  11,736  pounds,  but  in  yield  of 
butter  fat  she  stood  fifth.  Sweet  Briar  ranking  second, 
Houston  third  and  Lou  fourth.  The  yield  for  the  herd  both 
in  pounds  of  milk  and  butter  fat  is  the  best  that  it  has 
made.  The  next  largest  yield  was  in  1893,  when  it  ave- 
raged 300.9  pounds  of  butter  fat  and  6,407  pounds  milk  per 
cow.  In  1895  the  cows  averaged  in  round  numbers  1,000 
pounds  more  milk  than  in  1893;  but  they  averaged  only  1.3 
pounds  more  of  butter  fat.    The  great  discrepancy  between 
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the  yield  of  milk  and  butter  fat  is  caused  by  the  introduc- 
tion into  the  herd  of  three  additional  Holsteins  and  a 
Swiss  cow;  all  giving  a  large  quantity  of  milk,  but  rather 
light  in  fat  content. 


THE  cows. 

Beckley  2d. — A  high  grade  Jersey,  dam  Beckley,  sire  a 
full  blood  Jersey.  Dropped  November  12,  1892.  She  was 
raised  on  whole  milk,  and  by  spring,  1893,  when  turned 
out  to  pasture,  was  very  fat.  Her  dam,  during  the  two 
years  that  she  was  in  the  herd,  gave  on  an  average  369 
pounds  of  butter  per  year.  She  was  a  good  feeder,  but  car- 
ried considerable  flesh.  She  is  illustrated  in  Bulletin  35  rep- 
resenting **Group  II.— Cows  Having  a  Well  Defined  Tendency 
to  Lay  on  Flesh.'*  Beckley  2d  was  always  fat,  having 
inherited  the  tendency  in  some  measure  from  her  dam  and 
she  also  acquired  the  habit  by  being  fed  liberalh'  on  whole 
milk  during  the  first  few  months.  She  came  in  the  8th  of 
September,  1894,  and  was  in  her  fourth  month  of  lactation 
when  the  record  begins.  This  places  her  at  a  disadvantage 
when  compared  with  cows  that  came  in  later  in  the  season. 
By  examining  the  table  giving  dry  matter  required  to  pro- 
duce a  pound  of  butter  fat  by  group  I.  in  the  experiment 
comparing  timothy  with  prairie  hay,  it  will  be  seen  that 
she  required  a  pound  more  than  did  Tricksey  that  came  in  a 
month  later.  At  the  time  of  the  experiment  she  had  been  in 
milk  a  little  over  two  months.  The  weak  point,  from  a 
dairyman's  standard,  with  cows  having  a  flesh-forming 
tendency,  is  the  rapid  increase  in  cost  of  dairy  products  as 
the  period  of  lactation  advances. 

Belle, — Roan  grade  shorthorn,  about  8  years  old,  had 
been  used  in  the  city  as  a  family  cow  and  came  into  the  herd 
the  8th  ot  January.  She  was  a  fair  specimen  of  a  good  milk- 
ing shorthorn,  being  of  good  depth  through  the  middle  and 
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having  only  a  moderate  tendency  to  growing  flesh.  She 
was  just  medium  ia.  thickness  of  shoulder,  neck  and  thigh 
and  in  general  conformation  resembled  Beckley  illustrated 
in  Bulletin  35,  page  59.     . 

Cowxitess.— Holstein-Friesian,  dropped  March  12,  1884, 
and  entered  in  Vol.  1  Holstein-Priesian  Herd  Book  as  No. 
668.  She  is  the  largest  cow  in  the  herd,  but  is  not  so  good 
a  feeder  as  her  size  would  indicate;  carries  just  a  medium 
amount  of  flesh  for  a  Holstein;  has  a  fine  udder  both  as  to 
size  and  form;  veins  very  prominent  on  udder;  milk  veins 
large  and  tortuous;  medium  in  thickness  through  the  shoul- 
der; broad  loin  and  very  broad  between  hook  points  and  pin 
bones;  coat  exceedingly  fine. 

Ethel — Roan  grade  shorthorn,  about  four  years  old; 
rather  short  heavy  neck;  thick  through  shoulders  and  high 
on  rump;  body  cylindrical  and  level  top  and  bottom  line, 
hook  points  well  rounded  and  thighs  well  filled;  excellent 
udder  development,  extending  out  on  belly  almost  on  a  hori- 
zontal line  and  extending  almost  to  the  vulva  when  fresh  in 
milk. 

Houston,— A  cross-bred  Channel  Island  cow,  dam  a  Jer- 
sey, sire  a  Guernsey.  Just  medium  in  size,  and  weighing  on 
an  average  900  pounds;  spare  in  head,  neck,  shoulders  and 
hind-quarters;  carried  a  large  middle  piece  in  proportion  to 
her  size;  narrow  across  the  back  and  short  from  hook 
points  to  pin  bones,  which  gave  her  exceedingly  small  and 
light  hind-quarters.  Her  udder  was  rather  of  an  inferior 
order,  being  only  medium  in  size,  and  the  line  of  attachment 
to  the  body  rather  short.  While  her  conformation  and  per- 
formance show  that  a  cow  falling  far  short  of  what  is  gen- 
erally considered  a  good  udder  can  be  a  large  and  very 
economical  producer,  it  does  not  follow  that  she  would  not 
have  been  a  better  cow  had  she  carried  one  large  and  wcD 
formed.  Her  feeding  capacity  was  about  25  pounds  of  dry 
matter  per  day,  making  about  28  pounds  per  1,000  pounds 
live  weight.    Her  disposition  was  good,  and  under  good  care 
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and  satisfactory  surroundings  slow  to  anger,  but  vicious 
when  aroused. 

Lou.— High  grade  Holstein,  about  7  years  old;  large; 
rather  deep  in  body  and  full  in  thigh ;  rather  thick  through 
the  shoulder;  back  and  hip  points  well  rounded  out ;  thighs 
rather  full;  coat  short,  coarse  and  glossy;  a  fine  specimen  of 
a  strong,  vigorous,  well  bred,  useful  animal;  large  udder, 
and  of  good  form.  Her  teats  were  well  placed,  but  had  the 
objectionable  cone  shape.  She  was  not  nearly  as  large 
framed  as  Countess,  but  weighed  nearly  as  much. 

Ljrdia.— Full  blood  Brown  Swiss,  registered  in  the  Herd 
Book  as  Sida  No.  799  and  dropped  February  14, 1891.  She 
was  in  her  fifth  year,  large  and  vigorous  and  weighed  about 
1,150  pounds  in  ordinary  working  condition.  The  two 
most  noticeable  points  were  her  stockiness  and  cylindrical 
form.  Skin  rather  thick  and  yellow;  hair  coarse;  udder 
rather  small  for  size  of  cow  and  teats  good  size  and  well 
placed.  She  was  sluggish  in  movement,  apparently  indifler- 
ent  to  her  surrounding^  so  long  as  her  wants  were  sup- 
plied. 

Olive. — Grade  Guernsey,  11  years  old;  medium  size  in 
frame;  light  in  middle  piece  and  spare;  weight  about  800 
pounds,  dull  expression  and  slow  in  movement.  Her  udder 
is  small  and  covered  with  long,  coarse  hair,  but  gives  more 
milk  than  its  appearance  would  indicate.  She  is  a  light 
feeder,  taking  about  20  pounds  of  dry  matter  per  day. 
Her  milk  is  very  yellow  in  color,  but  is  not  so  rich  as  is 
the  milk  from  some  of  the  other  cows.  Skin  thick  and  coat 
harsh  and  coarse. 

Quidee, — Holstein-Friesian,  in  her  third  year  and  with 
6rst  calf;  quite  fine  in  bone,  but  large  frame;  fine  glossy 
coat;  medium  fine  hair;  long,  spare  and  light  in  body;  udder 
a  little  meaty;  square,  large,  well  formed  forequarters  and 
fair  hind-quarters.  She  made  quite  rapid  growth  during 
the  year;  quiet  and  rather  slow. 
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Reddie  2<i.  — Grade  Guernsey,  about  27  months  old 
when  the  year's  record  began.  Good  size  for  a  heifer  of  her 
age,  carrying  three-quarters  Channel  Island  blood.  Good 
depth  of  middle,  with  only  a  slight  tendency  to  smoothness. 
Udder  medium  in  size,  good  form,  teats  good  size  and  well 
placed.  Color  of  milk  very  yellow.  Rather  quick  in  mo- 
tion. 

Sweet  Briar. — Registered  Guernsey,  11  years  old;  large, 
stately  in  appearance,  high  spirited  and  quick  tempered; 
very  full,  expressive  and  quick  eye;  beautiful  lemon  fawn 
coat,  dappled;  fine,  glossy  short  hair;  udder  small,  covered 
with  fine,  short  hair  and  attachment  to  body  short;  teats 
long,  well  placed  and  in  good  form;  body  very  deep,  but 
quarters  and  back  just  a  little  rounded.  She  is  exceedingly 
notional  as  to  her  environment,  and  if  not  handled  with  con- 
sideration and  good  judgment  when  fresh  in  milk  her  year's 
work  can  be  spoiled  in  a  short  time. 

Topsy.— Grade  Holstein;  large;  carries  only  a  moderate 
amount  of  flesh;  thighs  and  shoulders  light  for  a  Holstein; 
coatrathershort,  glossy  and  medium  fine;  quiet  and  content- 
ed disposition  in  any  place  if  furnished  with  enough  good  food; 
large  udder,  well  formed,  good  sized  teats  squarely  placed; 
large  milk  veins,  tortuous  and  leading  to  three  orifices  on 
each  side.  She  is  a  good  feeder,  taking  from  30 to  32  pounds 
of  dry  matter  daily,  which  is  at  the  rate  of  27  to  28  pounds 
per  1,000  pounds  live  weight. 

Tricksey  2d. — Registered  Guernsey,  2  years  old;  medium 
light  in  bone,  thin  skin,  fine  hair,  light  neck  and  shoulders; 
thin  thighs  and  onlj^  medium  depth  through  the  middle  of 
the  body;  open,  quick  bright  eyes;  quick  in  action  and 
possessing  unusual  intelligence. 

Feeding  and  Management, — The  herd  was  confined  in  a 
basement  barn  during  the  winter,  being  kept  in  their  stalls 
except  a  few  hours  in  the  middle  of  the  day, — ^generally  from 
10  in  the  forenoon  until  3  in  the  afternoon, — when  they  were 
turned  into  a  covered  runway  during  cold  weather,  and 
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when  it  was  mild  they  were  left  in  the  yard  an  hour  or  two. 
No  feed  was  given  them  while  in  the  runway,  but  they  had 
access  to  water  and  salt. 

From  the  19th  of  November,  1894,  to  the  11th  of  Feb- 
ruary, 1895,  the  herd  was  working  in  two  groups,  one  taking 
a  ration  composed  of  10  pounds  of  roots,  16  of  timothy  hay 
and  14  of  grain,  the  grain  mixture  being  composed  of  6parts 
bran,  7  parts  wheat  and  1  part  oil  meaj,  while  the  other 
group  took  the  same  amount  of  hay,  roots  and  grain,  but 
the  grain  ration  was  a  mixture  composed  of  6  parts  bran, 
4  parts  barley,  3  parts  corn  and  1  part  oil  meal.  Each  cow 
received  as  much  of  the  grain  mixture  as  she  would  take 
clean  in  addition  to  the  hay  and  roots  and  they  were  fed 
the  two  rations  in  alternate  periods  of  three  weeks. 

The  table  on  following  page  gives  the  composition  of  the 
feed  stuflFs  fed  to  the  herd  from  the  first  of  the  year  until  it 
was  turned  out  to  pasture. 

The  composition  of  bran,  corn,  wheat,  oil  meal,  ensilage, 
prairie  and  timothy  hay  was  obtained  by  analyses  made  by 
Prof.  Snyder  from  samples  of  the  feeds  used.  The  figures 
given  on  timothy  are  averages  of  six  samples  and  those  on 
prairie  hay  are  averages  of  four  samples  taken  at  intervals 
between  February  6th  and  April  7th.  The  composition  of 
the  cotton-seed  meal  and  all  the  figures  on  digestibility  of 
the  feeds  are  taken  from  Bulletin  36,  Minnesota  Station. 

The  cows  were  fed  twice  a  day  except  when  given  en- 
silage or  roots,  which  they  received  at  2  p.  m.  The 
grain  was  fed  first  and  while  they  were  eating  it  they  were 
milked.  After  milking  they  received  hay.  Slight  changes 
were  made  in  the  quantity  assigned  to  each  animal  as  cir- 
cumstances seemed  to  require,  but  they  were  made  only  at 
the  beginning  of  the  week  or  period.  All  rations  were 
actually  weighed  out  to  each  cow  twice  a  day  with  scales 
carefully  tested  and  adjusted  at  the  beginning  of  the  experi- 
ment. Every  milking  was  weighed  and  tested  with  the 
Babcock  test. 
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The  Stock  foreman  persopally  weighs  out  to  each  animal 
the  feed  it  is  to  have  each  day  in  the  week  and  makes  a 
weekly  report  of  the  amount  and  kind  of  feed  given.  He 
also  makes  a  daily  written  report  to  the  chief  of  the  division, 
noting  carefully  all  incidents  that  come  under  his  observa- 
tion bearing  upon  each  animal  in  the  herd. 

A  strict  routine  is  observed  in  all  the  work.  Feeding  and 
milking  are  done  at  exactly  the  same  time  each  day.  The 
cows  are  milked  quickly,  but  gently,  and  in  regular  order. 
There  are  generally  some  cows  in  a  herd  that  manifest  a 
desire  to  be  milked  first.  Some  even  will  begin  to  lose  their 
milk  il  they  are  not  first,  and  the  order  in  which  the  cows 
are  milked  is  always  adjusted  to  these  individual  peculiar- 
ities. All  animals  are  treated  with  kindness  and  no  loud 
talking  or  rough  handling  is  permitted. 

No  such  thing  as  a  kicking  cow  or  hdfer  is  known  in  the 
herd.  Heilers  soon  to  come  in  are  handled  with  great  kind- 
ness and  their  udders  manipulated  to  get  them  accustomed 
to  being  milked  and  they  show  as  great  satisfaction  in 
being  milked  the  first  time  as  do  older  members  of  the  herd. 
Heifers  are  bred  to  come  in  in  the  fall  except  in  cases  where 
there  is  a  tendency  to  lay  on  flesh,  in  which  case  they  are 
bred  as  soon  as  this  is  noticed.  If  a  heifer  or  cow  drops  her 
calf  in  the  spring  she  is  not  bred  until  the  December  follow- 
ing so  that  she  will  drop  her  second  calf  in  the  fall.  During 
the  first  few  years  after  the  herd  was  established  the  calves 
and  yearling  heifers  were  fed  some  grain  and  in  the  majority 
of  cases  they  showed  a  tendency  to  get  smooth  and  fleshy 
before  they  came  in  and  were  not  as  promising  cows  as 
were  their  dams.  Now  calves  and  young  heifers  get  no 
grain  until  they  come  into  profit  except  the  small  allowance 
of  ground  flax  they  receive  fi-om  the  time  they  are  three 
inreeks  old  until  weaned.  Heifers  with  first  calf  get  fi-om  six 
to  eight  pounds  of  grain  per  day.  Mature  cows  receive 
from  ten  to  fourteen  pounds  of  grain  and  coarse  feed,  accord- 
ing to  their  capacity. 
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The  following  ration  fed  to  some  cows  will  show  about 
how  the  rations  are  adjusted  to  the  feeding  capacity  of  dif- 
ferent cows: 


TABLE  LV.— Sweet  Briar's  Bation. 


POOD. 

Lb8. 

D.  M. 

^l^t^^*,.   _    Jco.t. 

Fro.     j    C.-H.  !     Fat      ^"**' 

Bran 

Barley 

Corn 

Oil  Meal 

Timothy 

Beeta 

6 
4 
3 

1 
16 
10 

5.46 
3.63 
2.70 
.94 
14.12 
1.36 

.76, 
.36 
.28 
.27 
.54 
.11 

2.62 
2.47 
2.06 
.38 
6.94 
1.02 

.21      3.30 
.07  1    2.80 
.09!    2.10 
.06'    1.30 
.20  >    4.50 
01      1.00 

28.20 

2.30 

16.38 

.64  j  15.00 

1 

Total  digestible  nutrients  18.32 

A  cow  having  the  feeding  capacity  of  Sweet  Briar 
received  a  ration  containing  28.2  pounds  of  organic  matter 
which  contains  of  digestible  protein  2.3  pounds,  digestible 
carbohydrates  15.38  pounds  and  .64  of  a  pound  of  digest- 
ible fat,  the  ration  costing  15  cents. 

A  cow  that  would  take  only  10  pounds  of  the  grain 
mixture  would  receive  the  following  ration,  containing  10 
pounds  of  grain,  12  of  hay  and  5  of  roots: 


TABLE  LVI.— Bettie*8  Bation. 


POOD. 

Bran 

Barley 

Lbs. 

4.29 
2.8$ 

D.  M. 

3.90 
2.59 

DIOBSTIBLB 

Fat 

.15 
.06 
.06 
.04 
.15 
.01 

Cort. 

Pro. 

.63 
.26 
.20 
.19 
.41 
.06 

C.-H. 

1.80 
1.76 
1.47 

.27 
6.20    1 

.61    1 

Ccnt« 

23 
2.0 

Com, 

2.14  1     1.93 
.71  1         «? 

1.6 

Oil  Meal 

1.9 

Timothy 

Beets 

^l\ 

10.69 
.67 

3.3 
.6 

20.35 

1.63 

11.01 

.46 

10.6 

Total  digestible  nutrients  13.1 
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While  the  Guernsey  Bettie  received  only  13  to  14 
pounds  of  digestible  matter  per  day,  it  was  as  large  for  her 
as  was  the  one  fed  to  the  Guernsey  Sweet  Briar  that  con- 
tained 18.3  pounds  of  digestible  matter.  These  are  some 
of  the  rations  fed  during  the  month  of  January.  Later  the 
cows  had  a  ration  containing  ensilage,  timothy  and  prairie 
hay.  To  show  how  these  rations  were  compounded  and 
the  amount  of  organic  and  digestible  matter  they  contained 
a  few  tabulated  rations  are  given. 


TABItE  LVII.— Houston's  Batlon  when  Prairie  Hay  and  Ensilage  were 

Fed. 


POOD. 


Bran 

Corn 

Wheat 

Cotton  Seed  Meal . 

Bnstlage  

Prairie  Hay 


Per  1000  lbs.  Live  Weight. 


Pounds 

D.  M. 

5.14 

1.72 

4.28 

.86 

12. 

13. 

4.68 
1.56 
3.81 
.79 
2.95 
11.44 

25.22 
27.77 

DiGRSTIBLB 


C.H. 


.64 
.16 
.47 
.28 
.14 
.46 


2.15 
2.37 


2.16 
1.18 
2.61 
.17 
1.80 
5.43 


13.26 
1459 


Pat 


.19 
.05 
.06 
.09 
.07 
.18 


.64 
.70 


TABLE  LYm.— Houston's  Bation  when  Timothy  and  Ensilagre  were  Fed. 


FOOD. 


Bran 

Corn 

Wheat 

Cotton  Seed  Meal . 

Bnsilage 

Timothy 


Per  1000  IbB.  Live  Weight . 


1 
Pounds   I      D.  M, 


I 


5.14 

1.72 

4.28 

.86 

13. 


4.68 
1.55 
3. SI 
.79 
2.95 
11.48 


25.26 
27.82 


DIGBSTIBLB 


Pro. 


C.H. 


.64 
.16 
.47 
.28 
.14 


2.13 
2.34 


Fat 


2.16 

.19 

1.18 

.05 

2.51 

.06 

.17 

.09 

1.80 

.07 

5.64 

.17 

13.46 

.63 

14.82 

.69 
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TABLE  LIX.— Topsy'B  Batlon  when  Timotliy  was  Fed. 


POOD. 

Poands 

D.  M. 

DlGBSTIBI^B 

Pro. 

C.H. 

Pat 

Bran 

6 
2 

6 

1 

14 

18 

6.46 
1.80 
4.45 
.92 
3.44 
16.80 

.76 
.38 
.55 
.32 
.17 
.61 

2.53 
1  37 
2.93 
.20 
2.10 
7.81 

.22 

Com 

Wheat 

Cottonseed  Meal 

.oe 

.08 
.10 

Bnsilai^e 

.08 

Timothj 

.33 

31.96 
27.74 

2.58 
2.24 

16.90 
14.72 

.77 

Per  1000  lbs.  Lire  Weight.. 

.67 

TABLE  LX.->L7dla'B  Ration  when  Chrain,  Bnailaffe  and  Prairie  Es7 

were  Fed. 


POOD. 

Poands 

D.  M. 

DlOBStTIBI.B 

Pro. 

C.H. 

Fat 

Bran 

6.14 

1.72 

4.28 

.86 

12.00 

16.00 

4.68 
1.55 
3.81 
.79 
2.95 
14.08 

.64 
.16 
.47 
.28 
.14 
.56 

2.16 
1.18    ' 
2.81 
.17 
1.80 
6.69 

.19 

Com 

.OS 

Wheat 

.06 

Cotton  Seed  Meal 

.09 

Bnsilage 

Prairie  Hay 

.07 
.22 

27.86 
25.33 

2.25 
2.05 

14.61 
13.19 

.68 

Per  1000  lbs.  Live  Weight.. 

.63 

The  tables  give  the  actual  total  dry  matter  and  digest- 
ible nutrients  consumed  by  the  different  cows  per  day;  also 
the  amount  they  took  per  1,000  pounds  live  weight.  The 
standard  ration  for  a  dairy  cow  weighing  1,000  pounds  is 
generally  fixed  at  24  pounds  dry  matter,  containing  15.4 
pounds  digestible  nutrients,  of  which  2.5  are  protein,  12.5 
carbohydrates  and  .4  pounds  of  fat.  In  practical  feeding, 
however,  little  attention  can  be  given  to  this,  since  it  is 
found  that  some  heavy  cows  are  comparatively  light  fecd^s 
and  some  light  cows  are  heavy  feeders.  This  is  shown  bj 
the  following  table  giving  the  amount  of  dry  matter  eaten 
daily  by  the  cows  from  March  11th  to  24th  inclusive,  and 
how  much  it  was  per  1 ,000  pounds  live  weight.     Inddcntal- 
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\j  is  givcD  the  calculated  digestible  nutrients  contained  in 
the  ration  with  the  average  daily  yield  of  milk  and  butter 
fat. 


TABLE  LXI.  —  Ghlvlns   Dry  Matter  Aotnally    Consumed,  and   Bate  Per 
Thousand  Pounds  Live  Weight. 


NAME. 

Dry 
Matter 

lOOo  Iw 

11 
D.  M.     |, 

Becklcy  2 

24.38 
24.47 
27.82 
24.34 
26.68 
27.14 
21.48 
25.16 
26.72 
26.38 
27.76 
26.17 

21.16     , 

28.80 

25.26 

27.02     , 

21. \3 

20.63 

20.47 

27.42 

22.92 

26.98 

31.91 

18.83 

Countess 

Houston 

I^a 

Ollre. 

Reddie 

Belle 

Lydia 

Quidee 

Sweet  Briar 

TOPST 

Tricksej 

Total 

29253 

▲Tcrase 



24.38    1 

DiGBSTIBLB 


Pro. 


1.68 
2.36 
2.13 
2.20 
1.69 
1.66 
1.76 
2.23 
1.87 
2.22 
2.60 
1.61 


23.91 


1.99 


C.  H.    I      Fat 


11.22 
15.36 
13.46 
14.83 
11.02 
10.92 
10.76 
14.30 
11.95 
14.09 
16.65 
9.85 


158.91 


12.82 


.50 
.70 
.63 
.66 
.52 
.50 
.50 
.68 
.55 
.67 
.79 
.46 


7.16 


.59 


Av.  Daii,t  Yibld 


MUk 


18.17 
43.65 
26.99 
88.58 
21.66 
15.25 
19.73 
27.90 
27.05 
25.80 
40  04 
16.02 


809.74 


25.81 


Butter 
Fat 


.73 

1.03 

1.38 

1.20 

.93 

.78 

.83 

1.01 

.96 

1.37 

1.54 

.87 


12.63 


1.05 


In  adjusting  the  ration  for  each  cow  her  feeding  capacity 
only  was  taken  into  account.  Had  they  been  fed  according 
to  weight  many  of  the  cows  would  have  gone  hungry  while 
others  would  have  received  more  than  they  could  eat. 

The  charge  for  pasture  was  25  cents  a  week  lor  cows 
that  took  a  standard  ration  during  the  winter;  those  that 
required  more  or  less  than  the  standard  ration,  which 
was  14  pounds  of  grain,  8  of  hay  and  20  of  ensilage,  were 
charged  the  same  proportionally  for  pasture  to  their  winter 
feed  to  the  standard  ration. 

Summer  Feeding.-— The  cows  were  turned  into  pasture 
on  the  morning  of  May  6th.  The  grass  was  pretty  well  ad- 
vanced and  had  made  sufficient  growth  to  receive  the  herd 
several  days  earlier;  but  such  changes  are  made  only  at  the 
beginning  of  the  week 
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From  the  time  they  were  turned  into  pasture  until  the 
12th  of  August  they  received  from  2  to  4  pounds  of  grain 
and  as  much  hay  as  they  would  eat  per  day,  except  that 
from  the  8th  of  July  to  the  12th  of  August  they  received 
from  10  to  20  pounds  of  oat  hay.  Bj*^  this  is  not  meant 
that  a  cow  was  fed  from  10  to  20  pounds,  but  that  the 
lightest  feed  given  to  any  cow  was  10  pounds  while  the 
most  that  w^as  given  was  20  pounds.  A  cow  that  was  fed 
10  pounds  per  day  one  week  received  the  same  the  week  fol- 
lowing, unless  she  showed  by  not  cleaning  the  manger  com- 
pletely that  she  was  receiving  too  much.  From  the  12th  of 
August  until  the  7th  of  October  the  grain  ration  was  simpl? 
bran,  from  4  to  10  pounds,  and  com  fodder  and  hay  for 
roughage.  From  the  7th  of  October  to  the  24th  of  Novem- 
ber the  grain  ration  was  composed  of  bran,  barley,  oats, 
peas,  gluten  and  germ  meal.  This  was  done  to  clear  the 
feed  bins  of  little  odds  and  ends  that  had  accumulated.  The 
winter's  feed  was  then  purchased  at  the  following  prices: 

Prairie  hay,  per  ton $3.00 

Bran,  per  ton 6.50 

Barley,  per  bushel .* 16 

Oats,  per  bushel 14 

Linseed  meal,  per  ton 14.00 

From  the  25th  of  November  to  the  close  of  the  year  the 
grain  ration  was  composed  of  6  parts  bran,  4  parts  barley, 
3  parts  oats  and  1  part  linseed  meal.  A  full  ration  con- 
tained 14  pounds  of  grain  mixture,  8  pounds  of  prairie  hay 
and  20  pounds  of  ensilage.  The  ensilage  was  valued  accord- 
ing to  the  per  cent,  of  dry  matter  it  contained.  That  fed 
up  to  the  close  of  the  year  contained  14.85  per  cent,  and  was 
rated  at  $1  per  ton. 
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TABLE  LXII.— Oomposition  of  One  Hundred  Founds  of  the 
Feed  Stuifs  Used. 


FOOD. 


Dry 
Matter 


Dir.KSTlBLB 


Protein    C.-H.    I     Fat 


Bran 89. -tU 

Barley 92.24, 

Data I  92.75, 

Linseed  Meal 91.4.S 

Upland  Prairie  Hay i  86.44 

Bottomland  Prairie  Hay 82.94 

Ensilage  Ist  Silo 14.85 


13.80 

40.44 

11.00 

60.58 

9.76 

51.40 

33.74 

29.06 

4.25 

39.08 

4.26 

39.08 

.95 

8.11 

3.98 
1.37 
3.43 
7.05 
1.58 
1.19 
.49 


Price 
Per  ton 
or  bu. 


$6.60 

,16 

.14 

14.00 

3,00 

3  00 

1.00 


This  table  gives  the  composition  of  the  feed  during  the 
winter.  None  of  the  bottomland  prairie  or  timothy  was 
fed  until  after  the  close  of  the  year. 

DAIRY  PRODUCTS. 

In  all  our  work  the  Monday  nearest  the  1st  of  January 
is  the  beginning  of  the  dairy  year,  which  is  divided  into  13 
periods  of  four  weeks  each.  The  object  is  to  have  each 
period  the  same  length,  which  would  not  be  the  case  if  the 
year  were  divided  into  12  periods,  each  a  calendar  month. 
Fof  convenience  the  date  covered  by  each  period  is  stated  at 
the  head  of  the  column.  It  is  not  deemed  necessary  to  call 
attention  to  any  particular  table  or  part  of  a  table;  neither 
do  they  need  any  explanation,  save  possibly  the  statement 
that  all  animals  in  the  Dairy  Division  are  weighed  every 
Monday  and  from  these  weekly  weights  the  averages  for 
the  periods  and  the  year  are  calculated. 
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TABLE  LXVn.— GiTinff  Tleld  of  XUk  and  Batter  Fat  and  Cost  far  thm 

Tear  1806. 


NAMB. 


UPc< 


•02 

OS 


u 


o     10 

SOPS 

ct». 


ooj; 
**  •*»  . 

UhAPci 
Ct«. 


OhoA 

ct«. 


Becliley  2d... 

Belle 

CounteM , 

Ethel 

Houston 

Loti 

LTdia 

Olive 

galdee 
eddie  2d 

Sweet  B 

Topsy 

Tricksey  2d... 

Average.. 


$25.19 
24.54 
33.84 
25.21 
28.49 
30.32 
32.79 
23.62 
26.98 
24.37 
31.38 
39.31 
24.09 


4794.4 
6762.9 

11736.6 
5149.4 
6700.7 
9226.8 
7131.2 
6748.1 
7645.1 
5115.0 
8426.7 

12524.8 
5480.2 


5.48 
4.23 
2.51 
4.02 
5.17 
3.60 
3.59 
4.10 
3.49 
5.09 
4.98 
3.79 
5.25 


262.65 
243.91 
295.05 
207.05 
346.65 
331.79 
256.13 
276.94 
266.76 
260.30 
419.93 
474.96 
287.49 


306.43 
284.56 
344.23 
241.66 
404.43 
387.09 
298.82 
323.10 
311.21 
303.68 
489.92 
654.12 
336.41 


52.54 
42.58 
28.83 
48.96 
42.62 
32.86 
46.98 
36.00 
36.29 
47.64 
37.24 
31.39 
43.96 


$28.47 


7418.6 


4.07 


902.28 


362.66 


38.38 


9.69 

10.06 

11.47 

12.18 

8.22 

9.14 

12.80 

8.63 

10.11 

9.37 

7.47 

8.28 

8.38 


9.42 


8.22 
8.62 
9.83 

10.44 
7.04 
7.83 

10.97 
7.31 
8.67 
8.02 
6.41 
7.09 
7.18 


8.07 


During  the  year  1895  the  herd  was  composed  of  thirteen 
cows.  They  represented  Shorthorns,  Holsteins,  Jerseys, 
Guernseys  and  Brown  Swiss,  and  were  of  yarious  ages, 
some  with  first  calf,  some  in  the  prime  of  life  and 
some  very  old.  The  range  in  cost  for  feed  during  the 
year  was  from  $24.09  for  a  2-year-old  heifer  to  $39.31  for  a 
grade  Holstein.  The  average  cost  of  maintaining  a  cow  for 
the  year  was  $28.47.  The  yield  of  milk  per  cow  ranged 
from  4,794  pounds  from  the  high-grade  Jersey  Beckley  2d 
to  12,524  pounds  from  the  grade  Holstein  Topsy,  the  ave- 
rage yield  for  the  herd  being  7,418  pounds.  The  fat  content 
ranged  from  2.51  to  5.48  and  averaged  4.07.  The  lowest 
yield  of  butter  was  by  the  grade  Shorthorn  Ethel  that  gave 
241.56;  the  next  lowest  yield  was  that  of  the  grade  Short- 
horn Belle  that  gave  284.56;  the  third  lowest  the  Swiss 
cow  Lydia  that  gave  298.82.  All  the  other  members  gave 
over  300  pounds,  with  Topsy's  yield  of  554.12  pounds  as 
the  highest  in  the  herd.  The  cows  averaged  for  the  year 
352.66  pounds  of  butter.  The  cost  of  producing  a  pound  of 
butter  ranged  from  10.97  cents  by  the  Swiss  cow  to  6.41 
cents  by  the  Guernsey  Sweet  Briar,  and  the  average  cost  for 
the  year  was  8.07  cents. 
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Of  the  thirteen  cows  in  the  herd  through  the  year  there 
were  five  that  could  not  be  classed  with  either  of  the  groups 
in  studying:  the  influence  of  type  on  cost  of  butter  produc- 
tion. Of  these,  three  were  heifers  with  first  calf  that  had 
made  considerable  growth  during  the  year,  which  required 
food  nutrients  for  purposes  other  than  milk  production. 
Countess  was  not  assigned  to  either  group  because  her 
record  indicates  that  her  digestion  is  impaired.  Olive  was  a 
spare  cow,  but  lacked  depth  of  middle  and  was  listed  in 
group  III.  in  Bulletin  35,  being  classed  with  spare  cows  lack- 
ing depth  of  body,  and  the  cost  of  the  food  she  ate  during 
the  year  shows  that  she  was  a  light  feeder. 

Dividing  the  remainder  of  the  cows  in  the  herd  into  two 
groups  based  on  conformation  their  relative  merits  for  the 
dairy  becomes  apparent. 


Gdbrmsby  Cow—Swbbt  Bhiah. 
'pAHT.H!  urVTII.— Chroup  I.->Oowb  Spare  and  An^alar  with  Deep  Bodies. 


NAMB. 

Breed 

Cost  of 
Peed 

Milk 
Lbs. 

Cost  of 

100  Lbs. 

Milk 

Butter 
Lbs. 

Cost  of 

1  Lb. 

Butter 

Cts. 

^PflS'^Ofl 

Jersey-Guernsey .. 
Guernsey 

$28.49 
31.38 
39.31 

.  24.09 

6700.7 

8426.7 

12524.8 

5480.2 

42.52 
37.24 
31.39 
24.09 

404.43 
489.92 
554.12 
335.41 

7  04 

8'vvrect  Briar......... 

6  41 

Topsy 

Grade  Holstein... 
Guernsey .... 

7.09 

Trick«ey2d 

7  18 

$30.82 

8283.1 

37.20 

445.97 

6.91 
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The  range  of  cost  for  feed  duing  the  year  for  group  I. 
was  from  $24.09  for  Tricksey  2d  to  $39.31  for  Topsy,  and  the 
average  cost  was  $30.82.  The  ^leld  of  butter  ranged  from 
335.41  to  554.12  pounds  and  averaged  445.97  pounds;  the 
cow  giving  the  smallest  yield  eating  the  least  food  and 
the  cow  giving  the  greatest  yield  eating  the  most  food.  The 
cost  to  produce  a  pound  of  butter  ranged  from  6.41  cents  to 
7.18  cents  and  averaged  for  the  group  6.91  cents. 

During  the  early  part  of  the  year  Houston  was  troubled 
with  the  mange  and  a  swelling  on  the  jaw,  which  caused  her 
to  eat  with  great  difficulty  for  several  weeks:  it  was  finally 
lanced  and  she  recovered  slowly.  This  incident,  it  is  be- 
lieved, caused  her  to  yield  less  butter  and  at  greater  cost. 
With  the  exception  of  this  year  she  always  produced  butter 
at  less  cost  than  any  other  member  of  the  herd. 

The  cows  in  group  I.  produced  1,783.88  pounds  of  butter, 
and  crediting  them  with  the  average  net  return  realized  by 
farmers  for  butter  during  the  year,  which  was  15  cents  per 
pound,  their  butter  product  amounted  to  $267.58.  Adding 
to  this  $43.48,  the  value  of  the  skim  milk  for  feeding  par- 
poses,  there  is  a  gross  return  per  cow  of  $77.77.  Deducting 
$30.82,  the  average  cost  of  the  feed,  there  remains  a  net 
return  per  cow  of  $46.95.  Group  I.  ate  $123.28  worth  of 
feed  and  produced  $311.06  worth  of  dairy  products,  being  a 
return  of  $2.52  for  every  dollar's  worth  of  feed  consumed. 
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Swiss  Cow — Ltdia 


TABI^B  UdX.— Qroap  II.— Oow«  Havinff  a  Tendency  to  Lay  on  Flesh. 


NAMB. 

Breed 

Cost  of 
Feed 

$24.54 
25.21 
30.32 
32.79 

Milk 
Lbs. 

Cost  of 

100  Lbs. 

Milk 

Butter 
Lbs. 

Cost  of 

1  Lb. 

Butter 

Cts. 

Belle 

Bthel 

Grade  Shorthorn 
Grade  Shorthotn 
Grade  HoUitein... 
Swiss 

5762.9 
5149.4 
9226.8 
7131.2 

42.58 
48.96 
32.86 
45.98 

284.56 
241.66 
387.09 
298.82 

8.62 
10.44 

Lou 

Lydia 

7.83 
10.97 

$28.21 

6817.6 

41.38 

303.01 

9.31 

Of  the  cows  in  this  group  only  Ethel  showed  a  strong 
heredity  for  fattening.  Belle,  Lydia  and  Lou  were  less 
inclined  that  way  or  to  carry  much  flesh,  and  would  be  con- 
sidered good  cows  in  the  general  acceptation  of  the  term. 
Lou  and  Lydia  were  bred  in  dairy  lines,  but  could  not 
be  classed  with  the  spare  cows  having  deep  bodies,  for 
reasons  stated.  Lydia  made  considerable  gain  in  weight 
during  the  year.  Her  average  weight  for  the  first  four 
weeks  was  1,048,  and  during  the  last  four  it  was  1,217. 

The  annual  cost  for  feed  for  the  cows  in  group  IL  ranged 
from  $24.54  to  $32.79  and  averaged  $28.21.  The  average 
yield  of  milk  was  6,817.6  pounds  and  the  yield  of  batter 
ranged  from  241.56  pounds  to  387.09  and  averaged  303 
pounds.  The  cost  for  feed  to  produce  a  pound  of  butter 
ranged  from  7.8  cents  to  10.9  cents  and  averaged  9.3  cents- 
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The  four  cows  in  group  II.  produced  1,212  pounds  of 
butter  during  the  year,  which  at  15  cents  a  pound  amounted 
to  $181.80.  Adding  $35.79,  the  value  of  the  skim  milk  for 
feeding  purposes,  gives  a  gross  return  of  $104.73,  or  a  net 
return  per  cow  of  $26.19. 


Olivb. — Spare  and  Angular  but  Lacking  in  Depth  of  Body. 

In  Bulletin  35  the  cows  were  divided  into  four  groups 
based  upon  conformation.  To  the  first  were  assigned  those 
being  blocky  in  form ;  to  the  second,  those  having  a  medium 
tendency  to  carrying  surplus  flesh;  to  the  third,  those  being 
spare  and  angular  in  form  but  lacking  in  abdominal  capac- 
ity. To  the  fourth  group  were  assigned  those  being  spare 
and  angular  in  form  with  deep  bodies. 

In  this  Bulletin  the  spare,  deep-bodied  cows  are 
designated  as  group  I.,  while  those  blocky  in  form  and  those 
having  a  medium  tendency  to  fleshiness  are  assigned  to 
group  II.  Group  III.,  cows  spare  but  lacking  in  abdominal 
development  is  omitted,  since  Olive  was  the  only  cow  in  the 
herd  that  could  be*properly  assigned  to  il.  A  careful  exam- 
ination of  the  conformation  of  the  Swiss  cow  Lydia  will 
show  that  she  is  a  composite  representative  of  groups  I.,  II. 
and  III.,  Bulletin  35 — all  having  a  light  middle  piece, ascom- 
pared  with  the  size  of  the  quarters.  Such  animals  have  a 
high  co-efficient  of  food  of  maintenance  and  are  therefore  not 
as  economical  producers  as  those  having  a  large  middle 
piece  and  relatively  light  quarters.      *  » 
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During  the  latter  part  of  the  summer  of  1895  it  was 
found  that  more  cows  would  be  needed  in  the  Station  herd 
in  dairy  practice  work  in  the  School  of  Agriculture  and  for 
dairy  products  in  the  Dining  Hall.  On  the  ?d  of  September 
Berry,  Dena,  Fairy,  Ida,  Shorty  and  Sophie  were  added  to  the 
the  herd.  Maud  and  Blossom  came  October  21st  and  Hope 
November  11th.  All  these  showed  a  more  or  less  infusion  of 
Shorthorn  blood  in  both  color  markings  and  general  confor- 
mation. Those  coming  on  the  2d  of  September  were  taken 
from  a  drove  of  some  80  head  that  had  been  purchased  in 
southern  Wisconsin  by  a  dealer  for  the  purpose  of  shipping 
them  to  the  Elgin  district.  They  were  a  *iot  of  good  cows,*' 
takingthe  average  as  they  are  found  among  farmers.  The  six 
selected  out  of  the  drove  were  considered  to  be  of  the  best, 
with  the  single  exception  of  Shorty  that  was  quite  small  for 
her  age.  Of  these  Berry,  Shorty  and  Sophie  were  fresh  in 
milk  when  they  came.  Ida  dropped  her  calf  September  9th ; 
Fairy  dropped  hers  on  the  19th,  and  Dena's  did  not  come 
until  the  last  of  December.  Maud  and  Blossom  were  a  pair 
of  **good  family  cows.*'  Hope  was  selected  out  of  a  carload 
lot  that  had  been  purchased  especially  for  family  cows  in  the 
Twin  Cities.  They  were  all  in  fair  working  condition — 
neither  thin  in  flesh  nor  fat;  were  free  from  tuberculosis  and 
otherwise  sound  so  iar  as  known.  Their  ages  were  not 
known,  but  from  an  examination  before  they  were  de- 
horned their  ages  were  assumed  to  be  as  appears  in  the 
table. 

On  the  11th  of  November  the  whole  herd  was  again 
tested  with  turberculin.  Houston  was  declared  tuberculous 
and  Countess,  Quidee  and  Trickscy  2d  were  pronounced 
suspicious.  They  were  retained  in  the  herd  and  treated 
the  same  as  the  other  members. 


Digitized  by  VjOOQIC 


404 


INVESTIGATION  IN  MILK  PRODUCTION. 


The  object  in  compiling  the  record  of  the  herd  for  the 
winter  separately  was  to  ascertain  the  actual  amount  of 
feed  consumed  and  milk  and  butter  fat  produced  from  the 
beginning  of  lactation  in  t.he  fall  until  the  cows  were  turned 
out  to  pasture,  the  cost  of  milk  and  butter  production 
while  the  cows  were  in  milk,  and  the  amount  of  dry  matter 
required  by  each  cow  and  by  the  herd  to  produce  a  hundred 
pounds  of  milk  and  a  pound  of  butter. 

The  following  table  gives  a  list  of  the  cows,  with  age, 
date  of  calving  and  when  bred  : 


KAMB. 


Beckley  2d 

Belle 

Berry , 

C  omit  ess... 

DacheDS 

Etbel 

Fairy 

Porttioe...., 
Hoaston... 

Ida 

Lo« 

Lydia 

Mand 

Olive 

Pride  3d. ., 

Quidee 

Ketldie2d.. 

Shorty 

Sophie 

Sweet  B 

Topsy , 

Tricksey.... 


Age 


Breeding:. 


Grade  Jersey 

Grade  Shorthorn  . 
Grade  Shorthorn.. 

Hulstein. 

Jersey 

Grade  Shorthorn.. 
Grade  Shorthorn.. 

Tersey 

Jersey-Gnemsey.... 
Grade  Shorthorn.. 

Grade  Holstein 

Swiss 

(;rade  Shorthorn.. 
Grade  Guernsey.... 

Jc"ey.. 

Holstein 

Grade  Guernsey.... 

Grade  Shorthorn.. 

rade  Shorthorn.. 

Guernsey 

Grade  Holstein 

Guernsey 


Date  of  Calving. 


Bred. 


Aborted.., 
Nov.  11. 


•95  . 


Nov.  5. 

Oct.  21, 

Dec.  21, 

Sept.  20, 

Dec.  17, 

Nov.  30, 

Sept.  9. 

Oct.  27. 

Dec.  9. 

Nov.  8. 

Oct.  27. 

Sept.  8. 

Oct.  1. 

Oct.  16. 


Dec. 
I  Dec. 
.Dec. 

I  Dec. 
Dec. 


•95 
•95 
*95 

•95. I  Mch, 

•95 1  Feb. 

'95 1 

•95 Feb. 

•95 iDec 

•95.. 
•95.. 
'95.. 
•95.. 
•95.. 
•95.. 


17.  '95 
25.  '95 
22.  '95 
20.  '95 

18,  '95 


Oct.  5, 
Oct.  81, 
Oct.     14. 


'95.. 
•95.. 
•95.. 


Dec. 
Dec 
Feb. 
Dec. 
Tan. 
Jan. 
Jan. 
Jan. 


.16, 

•95 

4. 

•96 

28', 

•96 

17, 

•95 

26. 

'96 

19. 

•96 

23, 

•96 

28. 

•96 

31. 

•95 

23. 

•96 

29, 

'96 

24. 

•96 

13, 

•96 

6. 

•96 

20. 

•96 

-Feed.— During  the  winter  the  roughage  used  was  up- 
land prairie  hay  to  January  20th,  when  our  supply  became 
exhausted.  From  the  20th  to  the  25th  of  January,  inclusive, 
timothy  was  fed.  On  the  25th  a  carload  of  prairie  hay 
arrived  and  upon  examination  it  was  found  to  be  bottom- 
land hay  of  a  sedge  variety,  long  rough  blades  with  no 
stems.  It  was  of  excellent  quality,  greatly  relished  by  the 
cows,  being  eaten  up  clean.  It  was  fed  during  the  remain- 
der of  the  winter.  Silage  1  was  fed  to  January  26th;  Jan- 
uary 27th-31st  silage  2,  and  from  and  alter  February  1st 
silage  3  was  fed. 
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The  grain  ration  from  November  24th  was  a  mixture 
composed  of  6  parts  of  bran,  4  of  barley,  3  of  oats  and  1  of 
oil  meal.  Before  the  24th  of  November  some  ground  peas, 
gluten  and  germ  meal  were  fed  in  lieu  of  oil  meal. 

Chemical  analyses  of  the  different  feed  stuffs  were  made 
early  in  the  experiment  and  later  on  composite  samples 
were  analyzed.  Each  cow  received  all  the  feed  she  would 
eat  up  clean,  but  the  ratio  between  the  grain  and  the  rough- 
age was  maintained.  If  it  was  found  advisable  to  increase 
or  decrease  grain,  the  hay  and  ensilage  were  changed  in  the 
same  proportion.  It  is  generally  supposed  that  cows  will 
eat  more  than  they  can  make  use  of.  Such,  however,  has 
not  always  been  our  experience,  if  judicious  and  liberal  feeding 
is  properly  inaugurated  and  continued  without  interruption 
through  the  year  and  through  a  series  of  years.  The  first 
year  a  cow  may  take  more  than  she  can  make  use  of,  but 
later  she,  as  a  rule,  will  not  eat  more  than  she  needs.  It 
should  not  be  understood  that  cows  are  fed  without  regard 
to  quantity.  On  the  contrary,  it  is  weighed  out  with  great 
care,  when  she  first  comes  into  the  herd ;  always  beginning 
with  several  pounds  below  her  estimated  feeding  capacity 
and  very  gradually  increasing,  keeping  close  watch  as  to 
her  appetite  and  digestion.  It  takes  time  to  teach  a  cow 
that  she  will  receive  more  feed  when  she  needs  it  and  that 
there  is  no  reason  for  her  to  eat  more  than  she  really  wants, 
but  she  will  learn  it  in  the  course  of  the  year  if  strict  regu- 
larity is  maintained.  Such  a  thing  as  a  cow  **going  off  her 
feed"  in  the  Station  herd  has  very  seldom  occurred  during 
the  past  few  years.  A  skillful  feeder  can  c|uickly  tell  if  at 
any  time  during  her  life-time  an  animal  has  been  overfed. 
There  is  one  such  in  the  herd,  but  it  occurred  before  she 
came  to  us.  While  the  cows  are  fed  all  they  will  take  it 
is  not  the  intention  to  give  them  more  than  they  will  eat 
clean;  and  whenever  there  is  the  slightest  evidence  that  the 
feed  is  not  taken  out  of  the  corners  of  the  box  or  mangers 
absolutely  cleai?  the  ration  is  reduced  to  a  point  where  none 


Digitized  by  VjOOQIC  - 


406 


INVESTIGATION  IN  MILK  PRODUCTION. 


will  be  left.  Cows  will  not  eat  the  same  quantity  each 
year.  They  have  off  years  with  reference  to  feed,  and  yield  of 
milk,  the  percent,  of  fat  and  solids,  notfat,  are  quite  constant. 
They  also  have  off  months  and  weeks  and  days,  and  the 
observant  feeder  measures  out  his  rations  accordingly. 
Were  we  feeding  simply  for  butter  production  it  might,  in 
some  instances,  be  found  advisable  to  feed  less  to  cows  that 
manifest  a  disposition  to  convert  feed  into  meat,  but  the 
problem  under  consideration  is  to  ascertain  what  the  dis- 
position of  the  cow  is  in  this  regard  and  the  why.  When  it  is 
shown  that  it  uniformly  costs  more  to  produce  dairy  prod- 
ucts from  one  style  or  type  of  cow  than  it  does  from 
another  there  must  be  some  physiological  reason  for  it;  and 
in  order  to  study  what  natural  law  makes  one  cow  convert 
part  of  her  feed  into  butter  and  part  into  meat,  and  by 
what  law  of  her  being  she  is  compelled  to  eat  more  feed 
than  her  neighbor  for  the  production  of  a  pound  of  butter 
when  she  is  not  converting  any  of  her  feed  into  meat,  we 
must  permit  her  to  follow  her  inherited  tendencies,  and  it 
is  for  this  reason  that  every  cow  has  all  the  feed  that  she 
can  make  use  of. 


TABLE  LXX.— Composition  of.  Feed  Used  Daring  the  Winter  of  1806-06 
and  Cost  Per  Ton  or  Bushel. 


Bran 89.4-9 

Barley 92.24 


Dry 
Matter 


DlOBSTtBI^B 


•t 


Oats 

Oil  Meal 

Upland  Prairie  Hay... 
LfOwland  Prairie  Hay, 

Bneila^e  1 

Ensilage  2 19.06 

Ensilage  3 24.04 

Timothy 82.94 


92.75 
91.45 
85.44 
82.94 
14.85 


Protein 

Carbo- 
hydrates 

13.80 

1 
40.44    ' 

11.00 

60.58    1 

9.76 

51.40    1 

33.74 

29.06 

4.25 

39.08 

5.20 

39.08 

.95 

8.11 

1.23 

10.80 

1.49 

13.24 

4.30 

40.29 

Fat 


Price  per 
Ton  or 
Bushd 


3.98 

1.37 

3.43 

7.05 

1.58 

1.19 

.49 

.32 

.37 

1.21 


$6.50 
.16 
.14 

14.00 
3.00 
3.00 
l.OO 
1.25 
1.60 
3.00 
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The  foregoing  table  gives  a  general  summary  of  the 
record  of  each  cow  from  the  time  she  came  into  milk  until 
she  was  turned  to  pasture,  the  number  of  weeks  she  was 
in  milk,  the  pounds  of  dry  matter  consumed,  the  dry  matter 
consumed  per  day,  the  pounds  of  dry  matter  per  thousand 
pounds  live  weight,  the  average  cost  for  feed  per  week,  the 
cost  for  feed  from  the  time  she  came  in  until  turned  to 
pasture,  the  pounds  of  milk  yielded,  its  average  per  cent,  fat, 
the  pounds  of  fat  and  butter  equivalent,  the  cost  of  a  pound 
of  butter  fat,  the  cost  of  a  pound  of  butter  and  the  dry 
matter  consumed  to  a  pound  of  butter  fat  and  butter. 

While  the  cows  were  under  exactly  the  same  conditions 
during  the  winter,  so  far  as  the  care  and  feed  were  con- 
cerned, there  was  considerable  difference  as  to  the  length  of 
time  they  were  in  milk  and  their  condition  when  they  came 
in.  Berry,  Duchess,  Ida,  Shorty  and  Sophie  came  in  in  Sep- 
tember, made  a  long  journey  by  rail  when  fresh  in  milk, 
and  were  placed  in  a  strange  herd  and  in  strange  quarters. 
Fortune  was  under  similar  conditions  though  she  did  not 
come  in  until  she  became  accustomed  to  the  change.  The 
same  was  the  case  with  Countess  and  Quidee.  Pride  3d 
and  Reddie  2d  were  heifers.  All  the  cows  were  in  good 
working  condition  during  the  winter.  All  except  Houston 
ate  their  full  ration  every  day.  During  a  few  weeks  in  Feb- 
ruary her  rations  were  reduced  some  on  account  of  a  tumor 
on  her  jaw.  She  was,  however,  watched  so  closely  and 
handled  so  skillfully  that  no  serious  shrinkage  occurred  in 
her  milk  flow  or  butter  fat.  To  show  that  there  is  a 
marked  difference  in  cost  of  production  and  dry  mat- 
ter required  to  produce  a  pound  of  butter  with  cows 
that  are  in  exactly  similar  condition  in  everything  save 
type,  the  cases  of  Maud  and  Houston  are  cited.  They  calved 
at  the  same  time  and  were  under  similar  care.  The  same 
was  the  case  with  Ethel  and  Fortune.  For  the  information 
of  the  average  farmer  who  does  not  care  to  figure  out 
results  for  himself  it  may  be  well  to  state  that  the  herd  gave 
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on  an  average  1.13  pounds  t)f  butter  per  day;  that  it  cost 
7.4  cents  worth  of  feed  to  keep  a  cow  a  day;  and  that  the. 
cost  of  feed  to  produce  a  pound  of  butter  was  6.59  cents  for 
the  winter,  and  31.3  cents  to  produce  100  pounds  of  milk. 

In  arranging  the  cows  into  two  groups  not  all  are 
listed,  for  the  reason  that  some  were  heifers  and  others  were 
not  under  normal  condition. 

Beckley  was  taken  out  because  she  aborted  during  the 
summer  of  1895;  Countess,  because  of  her  age  and  impaired 
digestion;  Nora,  Pride  and  Reddie  2d,  because  they  were 
heifers;  Olive,  because  she  belonged  to  neither  class. 

Dividing  the  remainder  of  the  herd  into  two  groups, 
placing  in  the  first  all  the  cows  that  have  deep  bodies 
through  the  middle  and  that  have  no  marked  tendency  to 
gain  or  carry  superfluous  flesh,  and  in  the  second  group  all 
cows  having  a  tendency  to  carry  superfluous  flesh,  their 
comparative  value  for  the  dairy  will  be  shown. 

The  following  table  gives  the  names  of  the  cows  in  this 
group,  the  number  of  weeks  they  were  in  the  trial  counting 
from  the  time  each  came  in  until  she  went  to  pasture,  their 
average  weight,  breeding,  cost  of  feed,  pounds  of  butter  pro- 
duced, pounds  of  dry  matter  required  to  produce  a  pound  of 
butter,  pounds  of  butter  produced  from  a  hundred  pounds 
of  dry  matter  and  the  cost  of  a  pound  of  butter: 
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Houston. 


TABLE  LXZn.- 

Ghroap  I.  Oowa  Spare  and  Anffular  with  Deep  Bodies. 

NAMB. 

1 

hA'M 

II 

Breed 

•s 

as 

5^J 

Lbs.  but- 
ter per 
100  lbs 
D.  M. 

DttChCM-rr TTtr. 

28 
19 
22 
30 
30 
28 

796 
941 
929 
1066 
1203 
838 

Tersev... 

$13.90 
11.33 
11.65 
17.22 
22.80 
13.96 

227.35 
246.67 
277.66 
296.17 
376.88 
238.26 

18.67 
13.81 
12.65 
17.62 
18.61 
17.78 

5.36 
7.24 
7.90 
6.67 
6.40 
6.62 

Cts. 
6.11 

Portnne 

ersey 

4.60 

Honston 

Sweet  B 

Jcrsey-Guer 

Gnemaey 

4.20 
5.81 

Topay .* 

Gr.  H.  P 

6.07 

Tricksey  2 

Guernsey 

5.86 

Axtrtigc 

$15.14 

277.00 

16.59 

6.03 

5.47 

The  amount  of  dry  matter  required  to  produce  a  pound 
of  butter  ranged  from  12.65  pounds  with  Houston  to  18.67 
with  Duchess  and  averaged  16.59  for  the  group.  There  was 
a  slight  tendency  to  smoothness  on  the  part  of  Duchess, 
Sweet  Briar  and  Topsy.  Fortune,  Houston  and  Trickscy 
2d  were  very  spare,  but  the  latter  was  still  using  some  of 
her  feed  for  growth.  The  productive  capacity  of  each  cow  is 
clearly  shown  by  the  amount  of  butter  produced  from  a 
hundred  pounds  of  dry  matter.  Houston  returned  7.9 
pounds  while  Duchess  returned  5.35  and  the  group  avf 
raged  6.03  pounds.    The  cost  for  feed  to  produce  a  pound  o 
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butter  ranged  from  4.2  cents  with  Houston  to  6.11  cents 
with  Duchess  while  the  average  for  the  group  is  5.47  cents. 
The  table  shows  very  clearly  that  the  less  flesh  a  cow  carries, 
other  things  being  equal,  the  less  the  cost  of  production.  Of 
this  group  Houston  carried  the  least  flesh  and  Duchess  the 
most. 


.Ji.;linil'!'  ^^^ 


[f-M^wie^Si"* 


Bthbl* 


TABLB  LXXin.— G-roup  II.~Ck>wa  Havlnff  a  Tendency  to  Carry  Super- 

fluoua  Fleah. 


N>MB. 

Breed 

0 

11 

5S 

^5. 

Lbs.  but- 
ter per 
100  lbs 
D.  M. 

Belle 

24 
32 
19 
32 
33 
27 
20 
35 
22 
35 

994 

940 
1171 

860 
1149 
1236 
1179 

641 
1100 

942 

Gr.  8.  H 

$13.79 
14.63 
10.13 
14.94 
16.77 
15.34 

184.56 
190.74 
141.62 
207.22 
198.01 
222  4.R 

22.51 
23.63 
21.55 
22.20 
25.93 
20.97 
21.82 
23.81 
21.21 
22.91 

4.44 
4.23 
4.64 
4.50 
3.85 
4.77 
4.69 
4.20 
4.72 
4.36 

Cents 
7.47 

Berry 

Gr.  S.  H 

7.67 

Bthel 

Gr.  S.  H 

7.15 

Pairr 

Gr.  S.  H 

7.21 

Ida... , 

Gr.  S.  H 

8.42 

Lou... 

Gr.  H.  P 

6.90 

Lydia 

Swiss 

Native 

12.23,172.40 
11.52  148.41 
12.02  172.24 
17.24  230.95 

7.09 

Shortie 

7.76 

Maud 

Gr.  S.  H 

6.98 

Sophie 

Gr.  S.  H 

..«i n. 

7.46 

Average 

$13.86  186.86 

22.61 

4.42 

7.42 

With  a  single  exception  none  of  the  cows  in  Group  11. 
would  be  classed  as  having  a  strong  tendency  to  convert 
feed  into  flesh  and  all  were  what  would  ordinarily  be  termed 
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good  COWS,  with  possibly  the  single  exception  of  Ethel  that 
in  conformation  showed  strong  leaning  towards  beef.  Loa, 
Lydia  and  Maud  were  f^ir  dairy  cows,  but  their  shoulders 
and  thighs  were  rather  heavy  and  they  carried  more  flesh 
than  any  of  the  cows  in  Group  I.  The  pounds  of  dry  matter 
required  to  produce  a  pound  of  butter  ranged  from  20.97  to 
25.93  and  averaged  22.61.  The\'  returned  on  an  average 
4.42  pounds  of  butter  for  100  pounds  of  dry  matter  con- 
sumed. The  cost  for  feed  to  produce  a  pound  of  butter 
ranged  from  6.9  cents  with  Lou  to  8.42  cents  with  Ida  and 
averaged  7.42  cents.  It  cost  3ri.64  percent,  more  to  pro- 
duce a  pound  of  butter  from  Group  II.  than  it  did  from 
Group  I. 

Data  covering  only  a  few  months  during  the  first  part 
of  the  period  of  lactation  does  not  fully  reveal  the  adapt- 
ability of  a  cow  for  the  dairy,  because  most  any  kind  of  a 
cow  will  do  fairly  well  for  a  few  months  after  calving.    The 
real  test  comes  later,  when  the  temporary  stimulus  of  the 
lacteal  functions  produced  by  parturition   loses  its  force 
and  then  the  tendency  to  lay  on  flesh,  by  a  certain  style  of 
cow,  becomes  more  pronounced.    The  only  one  that  fairly 
represents  the  average  cow  on  our  western  fanes  is  Ethel, 
though  her  yield  of  butter  is  much  greater  than  statistics 
give  as  the  average  yield  of  the  cows  in  the  West.-  Ethel 
was  of  the  blocky  type;  her  hook  points  were  well  rounded; 
shoulders  broad;  cylindrical  body;  ribs,  loin  and  back  well 
padded  with  flesh;  chest  deep  and  flanks  low,  giving  her  a 
level  top  and  bottom  line;  thighs  full  and  when  fresh  she 
carried  a  fine  udder  and  gave  a  good  mess  of  milk.  She  was 
greatly  admired  by  farmers  visiting  the  Station  and  was 
frequently  pointed  out  as  the  ideal  farmer's  cow.    Houston, 
in  Group  I.,  was  of  the  extreme  angular  type;  her  hook 
points  were  sharp;  shoulders  narrow;  body  flat  or  what  is 
often  termed  **slabsided;''  her  ribs,  loin  and  back  were  free 
from  flesh;  chest  narrow  and  lacking  in  depth;  flanks  cut  up; 
body  long;  bottom  line  concave  giving  her  a  "pot  bellied" 
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appearance;  thighs  spare  and  rear  line  incurving;  very  short 
from  hook  points  to  pin  bones;  prominent  rump  and  spinal 
column;  light  neck;  top  line  dropping  down  from  the  withers; 
and  head  rather  heavy.  The  chart  shows  the  amount  that 
each  cow  charged  during  each  week  to  produce  a  pound  of 
butter  from  the  time  she  came  in  until  turned  to  pasture. 

The  squares  running  vertically  represent  cost  in  cents  to 
produce  a  pound  of  butter,  and  the  squares  running  hori- 
zontally represent  weeks. 
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Chart  showing:  weekly  cost  of  butter  by  each  cow. 

Houston  came  in  on  the  30th  of  November,  and  her 
record  begins  with  Monday,  December  2d.  Ethel  dropped 
her  calf  the  20th  of  December,  and  her  record  began  Mon- 
day, the  23d.  On  the  morning  of  the  4th  of  May  they  were 
turned  out  to  pasture. 

During  the  first  week  Houston  produced  butter  at  a  cost 
of  3.5  cents  per  pound.  The  cost  gradually  increased  up  to 
the  fourth  week  when  she  charged  4  cents.  The  greatest 
cost  during  the  winter  was  4.9  cents  for  the  week  ending 
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March  15th.  Ethel  charged  the  first  week  4,1  cents  for  a 
pound  of  butter.  The  second  week  she  produced  it  for  4 
cents,  and  then  the  cost  rapidly  increased  until,  for  the 
week  ending  May  3d,  it  reached  12.8  cents  per  pound. 

There  was  but  little  diflFerence  in  the  weekly  butter  yield 
between  the  two  cows  when  they  were  fresh.  The  largest 
yield  was  by  Houston  during  the  first  week,  when  she  gave 
13.65  pounds.    Ethel's  best  yield  was  during  the  second 


h  — 

s 

A 

^-^ 

t 

"^^ 

^ 

^^^ 

"^ 

^ 

^^ 

./ 

/ 

-— 

-^ 

\ 

\ 

y 

\ 

N-- 

y 

•> 

S 

\ 

''\^ 

V 

y''^ 

\ 

Nr' 

-^^ 

HOUSTON. 

t. 

\ 

g 

a 

^ 

A 

g 

c 

-- 

\ 

V 

f 

\ 

f 

f 

— 

-- 



— 

- 

-- 

J 

ETh 

lEL 

, 

■^ 

s. 

1 

-- 

1 

2 

2 

-    - 

^ 

_J 

CO 

o 

« 

« 

O 

N 

CO 

o 

t* 

<* 

c« 

• 

« 

CO 

o 

CD 

CI 

eo 

r^ 

c« 

M 

ft 

rt 

W 

»i 

01 

eo 

, 

n 

, 

, 

, 

Xi 

^ 

^ 

, 

•H 

, 

, 

^ 

u 
a 

•-» 

b. 

>j 

< 

Chart  showing  the  weekly  yield  of  butter  by  each  cow. 

week,  when  she  gave  12.2  pounds.  The  week  before  being 
turned  out  to  pasture,  Houston  gave  12.62  pounds  and 
Ethel  4.39  pounds.  The  cows  had  the  same  care  and  were 
in  every  way  under  similar  conditions,  except  as  to  breeding 
and  conformation.  Houston's  daily  ration  contained  on  an 
average  22.81  pounds  of  dry  matter,  while  Ethel's  contained 
22.94  pounds.  Houston,  during  her  period  of  lactation, 
gave  512  pounds  of  butter,  and  Ethel  gave  nearly  19 
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pounds,  which  shows  that  a  cow  having  the  proper  dairy 
form  and  heredity  may  be  a  superior  cow  for  the  dairy  and 
yet  not  make  a  yield  of  14  pounds  a  single  week  during  her 
lifetime,  while  another  cow,  not  having  the  dairy  form  and 
dairy  heredity,  may  make  over  12  pounds  when  fresh  and 
still  be  a  poor  cow  for  the  dairy.  Houston  was  killed  at 
the  close  of  her  lactation,  having  reached  that  point  in  life 
when  most  cows  fail  to  breed.  Ethel  was  killed  for  the 
same  reason,  though  she  had  only  passed  her  sixth  year. 
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RECORD  OF  cows  DURING  PERIOD  OF  LACTATION. 


Thus  far  the  published  records  have  been  compiled  for  the 
calendar  year,— the  year  commencing  with  the  Monday 
nearest  the  1st  day  of  January.  While  such  a  record  is 
entirely  satisfactory  in  making  comparisons  of  the  feed  con- 
sumed and  milk  and  butter  produced  and  the  cost  of  same, 
yet  it  does  not  show  the  yield  of  milk  and  per  cent,  fat  con- 
tent in  the  different  milkings,  nor  the  various  changes  that 
take  place  as  the  time  of  lactation  advances.  To  publish  in 
detail  the  record  of  every  cow  would  occupy  more  space 
than  can  be  given  in  a  report  of  this  character,  and  to  pub- 
lish a  summary  of  each  week's  work,  the  changes  that 
occur  at  different  milkings  and  on  different  days  would  not 
be  shown.  After  careful  study  it  was  decided  that  the  most 
useful  information  would  be  given  by  publishing  in  detail 
the  number  of  pounds  of  milk  given  at  each  milking  the 
first  week,  the  per  cent,  fat  content,  total  fat  yielded  at 
each  milking,  the  pounds  of  milk  given  each  day  during 
the  first  week,  its  daily  average  per  cent,  fat,  daily 
yield  of  butter  fat,  and  its  butter  equivalent,  which  is  ob- 
tained by  adding  one-sixth  to  the  butter  fat.  Also  a  sum- 
mary of  four  weeks'  record,  about  equally  distributed 
through  the  period  of  lactation,  giving  the  amount  and 
kind  of  feed  consumed  during  the  week  indicated  by  the 
dates  in  the  first  column,  the  cost  of  the  feed,  the  pounds  ot 
milk,  the  average  per  cent,  fat,  total  butter  fat  and  butter 
equivalent,  and  cost  of  each.  Next  is  given  the  record  for 
the  period  of  lactation,  arranged  in  periods  of  four  weeks 
each.  In  giving  the  cost  of  feed  and  the  average  cost  to 
produce  a  pound  of  butter  during  the  period  of  lactation 
it  should  be  understood  that  it  is  not  the  total  cost  for  the 
year,  for  the  obvious  reason  that  no  account  is  taken  in 
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these  tables  of  cost  of  feed  when  the  cow  is  not  in  milk.  In 
the  record  of  the  herd  for  the  year  1896,  which  will  follow 
these  tables,  account  is  taken  for  cost  of  feed  during  the 
year  and  the  actual  average  cost  of  a  pound  of  butter. 
The  charge  for  pasture  was  not  the  same  for  each  cow,  as 
all  cows  do  not  eat  the  same  amount  of  grass;  so  each  one 
is  charged  in  proportion  to  the  amount  of  feed  she  con- 
sumed during  the  winter  months. 

The  hay  was  a  sedge  variety  that  grew  on  the  Chippewa 
River  bottom  lands,  in  Swift  county,  that  overflow  in  the 
spring  and  are  wet  much. of  the  time  during  the  growing 
season.  The  hay  was  very  uniform,  containing  practically 
no  mixtures  of  other  varieties,  rather  coarse,  two  and  a 
half  to  three  feet  in  length,  was  apparently  cut  early  and 
was  greatly  relished.  Samples  of  the  hay  were  analyzed, 
which  showed  a  dry  matter  content  of  82.94  per  cent.  It 
contained  about  20  per  cent,  more  protein  than  timothy 
hay. 

The  grain  was  a  mixture  of  six  parts  bran,  valued  at 
$6.50  per  ton;  four  parts  ground  barley  at  16  cents  per 
bushel;  three  parts  ground  oats  at  14  cents  per  bushel,  and 
one  part  oil  meal  at  $14  per  ton. 

The  ensilage  was  from  dent  corn  planted  in  hills.  That 
used  from  the  fall  until  the  27th  of  January  contained  only 
14.85  per  cent,  dry  matter,  and  was  priced  at  $1.00  per  ton. 
That  fed  during  the  week  of  January  27th-31st  contained 
19.06  per  cent,  dry  matter,  and  was  valued  at  $1.25  per 
ton,  and  that  fed  the  remainder  of  the  season  contained,  on 
an  average,  24.04  per  cent,  dry  matter  and  was  charged  at 
the  rate  of  $1.60  per  ton. 

Records  for  only  twelve  cows  are  given,  because  in  the 
spring  the  herd  was  divided,  part  being  sent  to  the  sub- 
station at  Grand  Rapids,  part  to  the  sub-station  at  Crooks- 
ton,  and  part  retained  here.  Three  that  were  retained  were 
not  bred  until  some  time  in  December,  so  they  would  come 
fresh  in  the  fall  of  the  next  year,  and  on  this  account  their 


Digitized  by  VjOOQIC 


418  INVESTIGATION  IN  MILK  PRODUCTION. 

period  of  lactation  was  continued  from  60  to  68  weeks, 
which  is  unusual  and  abnormal. 

In  studying  the  tables  it  should  be  borne  in  mind  that 
all  the  scales  used  in  the  Dairy  Division  have  beams  that  arc 
divided  into  pounds  and  decimals  of  a  pound;  that  there  are 
ten  spaces  between  the  pound  marks,  each  space  registering 
one-tenth  of  a  pound;  and  that  there  are  no  ounce  marks. 
This  greatly  simplifies  the  work  of  making  calculations. 
Taking,  for  example,  the  record  of  Belle's  performance,  the 
first  week  shows  that  Monday  morning,  November  18th,  she 
gave  14.5  pounds  of  milk,  which  tested  3.6  per  cent,  fat  and 
yielded  .52  of  a  pound  of  butter  fat.     In  the  evening  she 
gave  10.4  pounds  of  milk,  testing  3.2  per  cent,  fat,  which 
yielded  .33  of  a  pound  of  butter  fat.    Following  along  the 
line  we  find  that  she  gave  that  day  24.9  pounds  of  milk, 
testing  on  an  average  3.41  per  cent,  fat,  which  amounts  to 
.85  of  a  pound  of  butter  fat,  and  is  equivalent  to  .99  of  a 
pound  of  butter.    The  morning  of  the  19th  of  November 
she  gave  14.1  pounds,  testing  3.5.    In  the  evening  she  gave 
11.2  pounds,  testing  3.1.    On  the  morning  of  the  23d  she 
gave  14  pounds  of  milk,  testing  3.5,  while  in  the  evening  she 
gave  only  12.3  pounds,  testing  only  3  per  cent.    Sunday 
morning,  the  24th,  she  gave  13.7  pounds,  testing  3.9  per 
cent.,  while  in  the  evening  she  gave  11.1  pounds,  testing  4.4 
percent.  Examining  the  column  under  the  heading  of  "total," 
we  find  that  her  daily  yield  of  milk  ranges  from  23.6,  on  the 
21st,  to  26.3,  on  the  23d;  that  the  per  cent,  fat  of  her  milk 
was  on  Saturday,  the  23d,  3.27,  while  on  Sunday,  the  24th, 
it  tested  4.11 ;  that  she  gave  in  the  week  174.7  pounds  of 
milk,  testing  3.46  per  cent,  fat,  yielding  6.04  pounds  of 
butter  fat  and  7.05  of  butter. 

Taking  the  second  table  in  Belle's  record,  where  a  sum- 
mary of  four  weeks'  work  is  given  separately, — the  first  week 
being  the  one  just  examined  in  detail,  the  second  being  the 
record  for  the  week  ending  January  26th,  the  third  the  week 
ending  April  12th  and  the  fourth  the  week  ending  June  28th, — 
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-we  can  see  the  amount  of  hay,  grain  and  ensilage  she  con- 
sumed each  week,  what  it  cost  to  feed  her,  how  much  milk 
she  gave  each  week,  its  fat  content,  the  pounds  of  fat  and 
butter  yielded  and  the  cost  of  same.  The  table  also  reveals 
the  changes  that  take  place  in  the  different  stages  of  her 
lactation  in  the  flow  of  milk,  per  cent,  fat,  yield  of  butter 
and  the  cost. 

The  third  table  is  divided  into  periods  of  four  weeks 
each ;  that  is,  what  she  did  the  first  four  weeks,  the  second 
four  weeks,  the  third  four  weeks,  and  so  on  until  she  went 
dry.  It  shows  the  difference  in  cost  of  food  between  sum- 
mer and  winter,  the  difference  in  the  flow  of  milk  and  per 
cent,  fat  between  stall  feeding  and  grazing  in  pasture,  the 
difference  in  yield  of  butter  and  cost  of  production. 

A  careful  examination  of  the  tables  shows  that  cows 
differ  as  to  the  variation  in  the  flow  of  milk  at  different 
milkings,  some  varying  little,  while  others  vary  compara- 
tively much.  The  same  is  true  in  regard  to  the  per  cent,  of 
fat.  The  milk  of  some  cows  seems  to  be  influenced  more  by 
the  feed  than  is  the  case  with  others.  Countess*  milk  re- 
mained constant  in  per  cent,  fat  during  her  lactation,  it 
being  no  richer  in  butter  fat  the  last  eight  weeks  than  it  was 
the  first  eight.  Duchess  during  the  first  20  weeks  never 
averaged  as  high  as  5  per  cent.,  while  she  never  dropped 
below  5.2  while  on  pasture.  EtheFs^  milk  never  dropped 
below  4  per  cent,  during  the  20  weeks  she  was  on  dry  feed, 
while  the  first  12  weeks  on  pasture  her  milk  was  always 
below  4  per  cent. 

The  most  radical  change  that  a  cow  can  be  subjected  to, 
so  far  as  feed  is  concerned,  is  from  a  generous  dry  fised  to  a 
luxuriant  pasture.  What  influence  such  a  change  had  on 
these  cows  a  careful  examination  of  the  tables  will  show. 
With  some  there  was  a  noticeable  increase  in  per  cent,  fat  on 
pasture;  with  others  it  remained  practically  stationary; 
whik  with  some  others  there  was  a  marked  decrease. 
Surely  the  ways  of  the  bow  are  very  strange.  She  does  and 
she  doesn't,  and  then  again  she  does  neither. 
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BELLE. 


Daily  Bacord  for  Week— Nov.  18-24,  1895. 


A.  M 

P.  M 

Total 

Date 

MUk 

14.5 

14.1 

14.1 

12.8 

13.7 

14. 

13.7 

Per 

Cent. 

Fat 

Fat 

MUk 

Per 

Cent. 

Fat 

Fat 

MUk 

Per 

Cent. 

Pat 

Pat 

Butter 

Nov.  18 

Nov.  19 

3.6 
3.5 
3.4 
3.4 
3.3 
3.5 
3.9 

.52 
.49 
.48 
.43 
.45 
.49 
.53 

10.4 
11.2 
11.6 
10.8 
10.4 
12.3 
11.1 

3.2 

3.1 

3.3 

3.4 

3.5 

3. 

4.4 

.33 
.35 
.38 
.37 
.36 
.37 
.49 

24.9 
25.3 
25.7 
23.6 
24.1 
26.3 
24.8 

3.41 
3.32 
3.35 
3.40 
3.36 
3.27 
4.11 

.85 
.84 
.86 
.80 
.81 
.86 
1.02 
6.04 

.99 

.98 

1.00 

.93 

.95 

l.Oii 

1.19 

Nov.  20 

Nov.  21 .•. 

Nov.  22 

Nov.  23 

Nov.  24 



174.7 

3.46 

7.05 

Beoord  for  the  Foar  Weeks— Nov.  18-24,  1895;  Jan.  20-26,  April  6-12. 

June  22-28,  1896. 


Feed 

Cost 

Lbs. 

of 

MUk 

Per 

Cent. 

Fat 

Fat 

Butter 

Cost 
of  1  lb. 
Quttcr 

Pat 

Cost 

Date 

Hay 

Gra'n 

BnsUagre 

of  lib. 
Butter 

Nov.  18-24.... 
Jan.   20-26.... 
April    6-12.... 
June  22-28.... 

49. 
63. 
59.5 

91 
112 
105 

14 

Cents 

98.          45.6 

161.          59.5 

150.5       60.3 

Pasture     33.7 

174.7 
194.1 
147. 
128.9 

3.46 
3.66 
4.29 
4.06 

6.04 
7.11 
6.31 
5.23 

7.05 
8.30 
7.36 
6.10 

Cents 
7.55 
8.36 
9.55 
6.45 

CenU 
6.47 
7.16 
8.19 
5.53 

Beoord    of  Period  of  Lactation  Arranged  in    Periods  of  Four  Weeks' 

Duration. 


Period 


Feed 


Hay  |Grain|  Ensilagcl 


Cost 


1 

210. 
224. 
248.5 
241.5 
238. 
238. 
80. 

371 

392 

441 

427 

420 

420 

191 

70 

56 

49 

462. 

560. 

633.5 

612.5 

602. 

602. 

170. 

$1.92 

2 

2.08 

3 

2.37 

4 

2.45 

5 

2.41 

6 

2.41 

7 

Pasture 
Pasture 
Pasture 
Pasture 

1.65 

8 

1.35 

9 

1.35 

10.... 

1.04 



19.03 

Lbs. 

of 

Milk 


680.4 
813.2 
778.9 
692.4 
593.5 
581.5 
649.6 
589.9 
428.7 
196.5 
6004.6 


Per 

Cent 

Fat 


3.75 
3.66 
3.55 
3.72 
3.89 
4.22 
4.10 
3.99 
4.44 
4.81 


Pat 


25.51 
29.75 
27.63 
25.79 
23.11 
24.54 
26.61 
23.51 
19.03 
9.45 


3.911234.93 


Butter 


Cost 

of  lib. 
Butter 


■1  • 


29.7( 
34.71 
32.24 
30.09 
26.96 
28.63 
31.05 
27.43 
22.20 
11.03 


274.09 


Cents 
6.45 
6.99 
7.35 
8.14 
8.94 
8.42 
5.31 
4.92 
6.08 
9.43 


6.94 


Digitized  by  VjOOQIC 


____J 


RECORD  OF  COWS  DURING  PERIOD  OF  LACTATION.        421 


COUNTESS. 


DaUy  Beoord  for  Waek-Nov.  1 1-17, 1895. 


A.  M 

P.  M 

Total 

Date 

Milk 

Per 

Cent. 

Fat 

Fat 

,   Per 

Milk  Cent. 

1  Fat 

Fat 

Milk 

Per 

Cent. 

Fat 

Fat 

Batter 

Not.  11 

28.1 

2.3 

.64 
1.02 
.70 
.68 
.77 
.74 
.76 

24.2 

24.5 

23. 

23.2 

23.2 

22.5 

21. 

2.2 

2.6 

2.9 

3. 

2.6 

2.4 

3.2 

.53 
.61 
.67 
.70 
.63 
.54 
.67 

52.3 
54.7 
49. 
49.5 
48.8 
46.5 
46.3 
347.1 

2.26 
2.98 
2.81 
2.79 
2.87 
2.76 
3.09 
"2.78 

1.17 
1.63 
1.37 
1.38 
1.40 
1.28 
1.43 
9.66 

1.36 

Not.  12 

Not.  13 

30.2 

26. 

26.3 

25.6 

24. 

25.3 

3.4 

2.7 

2.6 

3. 

3.1 

3. 

1.90 
1.60 

Not.  14 

1.61 

Not.  15 

Not.  16 

1.64 
1.49 

Not.  17 

1.67 

11.27 

Seoord  for  the  Four  Weeks— Nov.   11-17,  1896;  Jan.  6-12,  March  16-22, 

May  26-3 1.1896. 


Feed 

Cost 

Lbs. 

of 

Milk 

Per 

Cent. 

Fat 

Fat 

Butter 

Cost 
of  1  lb. 
Batter 

Fat 

Cost 

Date 

Hay 

Groin 

Bn  ail  age 

of  lib. 
Bntter 

Not.  11-17.... 
Jan.      6-12.... 
Mch.  16-22.... 
May  25-31.... 

84. 
84. 
73.5 

91 
147 
133 

28 

70 

210 

189 

Pasture 

Cents 
49.5 
78.2 
76. 
40. 

347.1 
377.7 
297.5 
163.3 

2.78 
2.29 
2.48 
2.5fi 

9.66 
8.64 
7.38 
4.-^2 

11.27 

10.08 

8.61 

4.92 

Cents 
5.12 
9.05 

10.29 
9.46 

Cents 
4.39 
7.75 
8.82 
8.12 

Beoord  fbr  Period  of   Lactation  Arrangred   in 

Duration. 


Periods  of  Poar  Weeks' 


Period 

Feed 
bnsilage 

Roots 

Cost 

Lbs. 

of 

Milk 

Per 
Cent. 
Hat 

Butter 
Fat 

Butter 

Cost 
1  lb.  of 

Hay  iGraIn 

Butter 

1         

287. 

320.6 

336. 

302.4 

294. 

294. 

178. 

357. 
560. 
588. 
532. 
532. 
532. 
348. 

98. 

14. 

294. 

801.5 

840. 

680.7 

756. 

756. 

414. 

$1.93 
2.98 
3.13 
2.99 
3.04 
3.04 
2.49 
1.68 
.77 

1327.9 
1  502.4 

2.56 
2.47 

33.96     39.62 
37.15|    43.34 
34.63     40.40 
33.69     39.31 

Cents 
4.9 

2 

6.9 

3 

1493.5  2.32 
1309.7;  2.57 
1228.8   2.52 
1157.3   2.67 
1064.0    2.77 

539.5    2.56 
40.9    2.42 

9664.6  2.54 

7.7 

4 

42. 

7.6 

6 

30.96 
30.89 
29.50 
13.80 
.99 

36.12 
36.04 
34.42 
16.10 
1.15 

8.4 

6  . 

8.4 

7 

Pasture 
Pasture 
Pasture 

7.2 

8 

10.4 

9 

67. 

22.05 

245.57  286.50 

7.7 
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DUCHESS. 


Daily  Beoord  for  Week— Oot.  28-Not.  3,  1895. 


A.  M. 

P.  M. 

Total 

Date 

MUk 

Per 

Cent. 

Pat 

Fat 

Milk 

Per 

Cent 

Fat 

Fat 

MUk 

Per 

Cent. 

Fat 

Fat 

Butter 

Oct.  28 

Oct.   29 

13.7 

15.2 

14. 

12.7 

13.1 

18.3 

12.6 

3.8 
4.4 
3.9 
4.4 
4.2 
4.3 
4.6 

.51 
.67 
.55 
.55 
.54 
.68 
.57 

13.3 

12.4 

11.6 

10.3 

11. 

11.8 

10.5 

4.1 
4.4 
4.5 
4.5 
4.2 
4.2 
4.8 

.55 
.54 
.62 
.46 
.46 
.49 
.51 

27.0 
27.6 
25.6 
23.0 
24.1 
25.1 
23.0 

3.93 
4.40 
4.18 
4.43 
4.20 
4.26 
4.70 

1.06 
1.21 
1.07 
1.01 
1.00 
1.07 
1.08 

1.23 
1.41 

Oct.   30 

Oct.   31 

1.25 

1.18 

Nov.     1 

Nov.     2 

Nov.    8 

1.17 
1.25 
a. 26 

175.4 

4.28 

7.50 

8.75 

Beoord  for  the  Four  Weeks— Oct.  28-Not.  3,  1896;  Jan.  6-12,  March  80- 
April  6,  Jane  22-28.  1896. 


Date 

Feed 

Cost 

Lbs. 

of 
MUk 

Per 

Cent. 
Fat 

Fat 

Butter 

Cost 
of  1  lb. 
Butter 

Fat 

Cost 

Hay 

Grain 

Roots 

of  lib. 
Butter 

Oct.  28-Nov.  3 

Jan. 6-12 

Mcta.30.Apl.5 
June  22-28.... 

70. 

52.5 
52.5 

84. 

91. 
91. 
14 

56. 
Bn ail  age 

129.5 

126. 
Pasture 

Cents 
44.1 

48.4 

52. 

29.9 

175.4 

154.3 
120.6 
104.4 

*.28 

4.66 
5.70 
5.51 

7.50 

7.19 
6.88 
5.78 

8.75 

8.39 
8.03 
6.74 

Cents 

5.88 

6.74 
7.56 
5.18 

Cents 
5.04 

5.77 
6.48 
4.44 

Becerd  for  Period  of    Lactation  Arranved  in  Periods  of    Four  Weeks' 

Dnration. 


Period 

Feed 

Cost 

Lbs. 

of 

Milk 

Per 
Cent. 
Fat 

Butter 
Fat 

Butter 

Cost 
1  lb.  of 

Hay 

Grain  |Bnsilasc| 

Roots 

Butter 

1 

294. 
213.6 
210. 
210. 
210. 
210. 
210. 
20.5 

336. 
364. 
364. 
364. 
364. 
364. 
364. 

79. 

56. 

42. 

70. 
479.5 
518. 
518. 
518. 
511. 
504. 

24. 

168. 

$1.79 
1.92 
1.94 
2.00 
2.09 
2.09 
2.08 
1.15 
1.20 
1.14 
.49 

17.89 

673.5 
649.1 
626.9 
588.3 
508.0 
480.6 
477.5 
518.1 
439.4 
364.4 
39.9 

4.34 
4.70 
4.83 
4.55 
4.90 
5.43 
5.67 
5.36 
5.24 
5.60 
5.54 

29.22 
30.52 
30.23 
26.78 
24.91 
26.12 
27.09 
27.76 
23.04 
20.42 
2.21 

34.09 
35.61 
35.27 

Cent* 
5.25 

2 

5.39 

3 

5.50 

4 

31.24      fl-39 

5 

29.06 
30.47 
31.61 
32.38 

7.18 

6 

6.53 

7 

6.68 

8 

Pasture 
Pasture 
Pasture 
Pasture 

3.55 

9 

26.88,     446 

10 

23.82      4.59 

11 

2.58    18.99 

7.~~. 



5364.7 

5.00 

268.29 

313.01      5.70 
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DUCHESS. 


DaUy  Baoord  for  Week— Oct.  5-11, 1896. 


A.M. 

P.M. 

Total 

Date 

MUk 

Per 

Ceot. 

Fat 

Pat 

Milk 

Per 

Cent. 

Fat 

Fat 

MUk 

Per 

Cent. 

Fat 

Fat 

Butter 

Oct.     6 

Oct.     6 

20. 

20.2 

20. 

19.1 

20.5 

20. 

19.7 

4.8 
4.1 
4.6 
4.8 
4.8 
4.8 
6.2 

.96 
.83 
.92 
.92 
.88 
.96 
1.02 

17. 

18. 

17.5 

17.3 

18.6 

18.4 

19.1 

4.2 

6.2 

6. 

4.5 

4.5 

4.9 

4.8 

.71 
.94 
.88 
.78 
.83 
.90 
.92 

37.0 
38.2 
37.6 
36.4 
39.0 
38.4 
38.8 

4.61 
4.63 
4.80 
4.67 
4.38 
4.84 
6.00 

1.67 
1.77 
1.80 
1.70 
1.71 
1.86 
1.94 

1.95 
2.07 

Oct.     7 

2.10 

Oct.      8 

Oct.      9 

1.98 
2.00 

Oct.  10 

Oct.  11 

2.17 
2.26 

265.3 

4.69 

12.45 

14.63 

Beoord  of  Four  Weeks—Oot. 


6-11,    1896; 
6-11,1897. 


Jan.   4-10,   April   6-11,    Jaly 


Feed 

Cost 

Lbs. 

of 

Milk 

Per 
Cent. 
Fat 

Fat 

Batter 

Cost 
of  lib. 
Batter 

Fat 

Cost 

Date 

C.F.* 

Grain 

Roots 

of  lib. 
Batter 

Oct.    6-11 

Jan.   4-10 

Ap'l   6-11 

42. 
133. 

56. 
91. 

77. 

56. 

66.5 
Bnsilaffe 

231. 
Pasture 

Cental 
34.4  265.3 
35.8  159.9 

41.7  120  4 

4.69 
5.47 

6.26 
5.28 

12.45 
8.75 

7.54 
7.65 

14.53 
10.21 

8.80 
8.93 

Cents 
2.76 
4.09 

5.53 
3.59 

Ceiits 
2.37 
3.51 

4.74 

Jtily   6-11 

27.5 

144.9 

3.08 

Record  for  the  Period  of  Lactation  Arranged  in  Periods  of  Four  Weeks' 

Duration. 


Period 

Feed 

Cost 

Lbs. 

of 
Milk 

Per 
Cent. 
Pat 

Batter 
Fat 

Batter 

Cost 
1  lb.  of 

C.  F.«|Grain 

Hay 

Roots 

Batter 

1 

*> 

175. 

238. 
385. 
364. 
364. 
350. 

336. 

322. 

189. 

49. 

364. 
41.5 

203. 
385. 
364. 
364. 
164.5 
Ensilage 
336. 
630. 
483. 

$1.39 
1.94 
1.63 
1.46 
1.50 

1.67 

943. 
1064.8 
962. 
694.1 
544.3 

4QK  f5 

4.71 
4.75 
4.84 
5.11 
5.77 

K.fti 

44.37 
50.56 
46.58 
36.48 
31.38 

29.27 
30.94 
31.48 
31.52 
29.27 
31.29 
30.12 
423.26 

51.76 
58.99 
54.34 
42.56 
36.61 

34.15 
36.10 
36.73 
36.77 
34.15 
36.51 
35.14 

Cents 
2.69 
3.29 

3;::::::":i. :..-:: 

3.00 

^ 

466.5 
688. 

238. 
f« 

9 
1  *j 

04 

3.43 

5 

4.10 

4S 

4.89 

7 

28.  *" 

1.67     490.9    6..^0 

4.63 

S    

1.45     479.6 
1 .14     560.9 
1.10     554.1 
1.10,    673.6 
1.10!    551.7 

6.56 
5.62 
5.28 
5.46 
5.46 
5.35 

3.95 

0 

3.10 

lO 

11 

3.22 

3.01 

12 

3.13 

17.15, 7914.5 

493.80 

3.47 

•Com  Fodder. 
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INVESTIGATION  IN  MILK  PRODUCTION. 


ETHEL. 


Daily  Beoord  for  Week— Deo.  28-29, 1896. 


Date 


A.M. 


MUk 


Per 

Cent. 

Fat 


Fat 


MUk 


Per 

Cent. 

Fat 


Fat 


Total 


Milk 


Per 

Cent. 

Fat 


Fat 


Butter 


Dec.  23 
Dec.  24 
Dec.  25 
Dec.  26. 
Dec.  27 
Dec.  28 
Dec.  29 


15.7 

3.4 

17.2 

4.8 

16.7 

4.8 

18.4 

4.5 

17.4 

4.5 

18.8 

4.7 

17.6 

4.7 

.53 
.83 

.80 
.83 
.78 
.88 
.83 


13.9 
14.2 
14.6 
15.9 
16.6 
16.4 
15.3 


3.5 

.48 

4. 

.57 

4.2 

.61 

4.6 

.73 

4.7 

.78 

4.9 

.80 

4.2 

.64 

29.6 
31.4 
31.3 
34.3 
34.0 
35.2 
32.9 


228.7 


3.44 
4.46 
4.53 
4.55 
4.59 
4.77 
4.47 


1.01 
1.40 
1.41 
1.56 
1.56 
1.68 
1.47 


1.18 
1.63 
1.64 
3.82 
1.82 
1.96 
1.72 


4.41 


10.09 


11.77 


Beoord  for  the  Four  Weeks— Deo.  23-29, 1896;  Feb.  3-9,  April  20-26.  Jane 

20-26, 1896. 


Feed 

Cost 

Lbs. 

of 

Milk 

Per 

Cent. 

Fat 

Fat 

Butter 

Cost 
of  lib. 
Butter 

Fat 

Cost 

Date 

Hay 

Grain 

Bnsila£:e 

of  lib. 
Butter 

Dec.  23-29 

Feb.  3-9 

Ap'l  20-26 

June  20-26 

52.5 
52.5 
56. 

91. 
91. 
98. 
14. 

129.5 

129.6 

140. 

Pasture 

Cents 
48.4 
52.3 
56.3 
31.8 

228.7 

186.7 

96.7 

56.9 

4.41 
3.90 
4.26 
3.93 

10.09 
7.28 
4.12 
2.24 

11.77 
8.49 
4.81 
2.61 

Cents 

4.8 

7.2 

13.7 

14.2 

Cents 

4.1 

6.3 

11.7 

12.2 

Record  for  Period  of  Lactation  Arran^red  in  Periods  of  Four  Weeks* 

Duration. 


Period 

Feed 

Cost 

Lbs. 

of 

Milk 

Per 
Cent. 
Fat 

Butter 
Fat 

Batter 

Co.t 
lib.  of 

Hay  |Grain|  Ensilag^e 

Batter 

1 

210. 
210. 
217. 

364. 
364. 
.^78. 

518. 
518. 
539. 
560. 
560. 
33. 

$1.94 
2.00 
2.17 
2.25 
2.25 
1.37 
1.30 

746. 

778. 

573.3 

460.1 

379.9 

354.5 

4.23 
4.20 
4.15 
4.03 
4.33 
3.93 
3.77 
3.97 
4.08 

3.83 

31.57 
32.71 
23.80 
18.58 
16.48 
13.94 
11.61 
10.48 
6.56 

2.07 

36.83 
38.16 
27.87 
21.68 
19.24 
16.25 
13.54 
12.23 
7.65 

2.41 

Cents 
5.36 

2 

5.24 

3 

7.78 

4 

224.     392. 

224.    1392. 

27.5  117. 

10.37 

5 

11.68 

6 

Pasture 
Pasture 
Pasture 
Pasture 

Pasture 

8.43 

7 

63. 
56. 
77. 

56. 

9.60 

8 

1.27.    263.6 
1.351    IRO  fi 

10.38 

9 

17.64 

10 



CornFod. 
126. 

.64 

54.1 

26J$5 

1 1 

16.54 

4078.4 

4.11 

167.80'l95.87 

8.44 
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FAIRY. 
Daily  Becord  for  Week— Sept.  23-29,  1895. 


Date 


A.  M. 


I   Per 

Mnk  Cent. 

I  Fat 


Sept.  23. 
Sept.  24. 
Sept.  25. 
Sept.  26. 
Sept,  27. 
Sept.  28. 
Sept.  29. 


19.  , 
18.9 
19.5 
17.5 
17.3 
18.4 
17.8 


3. 

4.1 

3.1 

3.5 

3.4 

4.3 

4. 


Fat 


.57 
.77 
.60 
.61 
.59 
.79 
.71 


P.  M. 


Milk 


Per 

Cent. 

Fat 


13.7 

14.3 

14.6 

14.5 

15. 

14.4 

14.8 


3.2 
4.3 
5.2 
3.4 
3.3 
4.6 
3.8 


J., 


Fat 


.62 
.76 
.50 
.50 
.66 
.71 


Total 


Milk 


Per 

Cent. 
Fat 


32.7 
33.2 
34.1 
32.0 
32.3 
32.8 
32.6 
229.7 


Fat 


1.01 
1.39 
1.36 
1.11 
1.09 
1.45 
1.42 


1.18 
1.62 
1.59 
1.29 
1.27 
1.69 
1.66 


8.83  10.30 


Record  for  the  Four  Weeks— Sept.  23-29.  1895;  Jan.   27-Feb.   2,  June  15- 
21,  Nov.  2-8, 1896. 


Date 


Sept.  23-29.... 

Jan.  27-Fcb.  2 
Jane  15-21.... 


Nov.  2-8.. 


Feed 


Hay 

Grain 

Roots 

35 

70 

49 
Ensilage 

49 

84 

119 

14 

Pasture 
Roots 

77 

77 

77 

Cost 


Cents 
30.4 


46.5 
29.9 


38.8 


Lbs. 

of 

Milk 


Per 

Cent. 

Fat 


3.84 


135.8    3.89 
109.4,  4.20 


135.51  3.73 


Fat 


Batter 


Cost 
of  lib, 
Butter 

Fat 


8.83jl0.30 

5.28'    6.16 
4.60|    5.37 

5.06     5.90 


Cents 
3.5 


8.8 
6.5 


7.7 


Cost 
of  1  lb. 
Butter 


Cents 
3.0 


7.6 
5.6 


6.6 


Record  for    Period    of 


Lactation  Arrang-ed 
Duration. 


In    Periods  of  Four  Weeks' 


PeHod 


Feed 


Hay  IGrain 


1 

2 

3 

^ 

145. 
259. 

241.5 

227.5 

227.5 

185.5 

199.5 

210. 

175. 

602. 

5....  ..... 

Q   

7 

8 

9 

lO 

11-17 

234. 
280. 

336. 
399. 
399. 
315. 
343. 
864. 
315. 
70. 

1149. 


Roots    jSor^'um 


Cost 


147. 
168. 


Pasture 
Pasture 

Roots 

791. 


45. 


Ensilage 
374.5 
570.5 
570.5 
444.5 
486.5     I 

518.      : 

255.5 


|$1.10 
1.50 

1.80 
2.12 
2.14 
1.81 
1.97 
2.09 
1.85 
1.20 

8.57 


I    Per 

Milk    Cent. 

Fat 


737.5 
717.1 

631.1 
688.2 
608.1 
472.8 
353.4 
307.2 
345.7 
376.7 


3.62 
3.54 

3.63 
3.78 
3.88 
4.43 
4.43 
4.72 
4.64 
4.42 


Fat 


26.71 
25.36 

22.89 
26.00 
23.58 
20.95 
15.65 
14.50 
16.05 
16.66 


I    Cost 
Butter'ofl  lb. 
I  Butter 


3210.3   3.71 


Cents 

31.16 

3.53 

29.59 

5.07 

26.71 

6.74 

30.33 

6.99 

27.51 

7.78 

24.44 

7.41 

18.26 

10.79 

16.93 

12.34 

18.73 

9.88 

19.44 

6.17 

38.93 

6.17 

26.1518448.1    3.88    327.42  381.991    6.85 


EHxrins  the  eleventh,  twelfth  and  thirteenth  periods  Fairy  was  on  pasture. 
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INVESTIGATION  IN  MILK  PRODUCTION. 


FORTUNE. 


Dally  Beoord  for  Week— Deo.  28-SO,  1896. 


A.  M. 

P.M. 

Total 

Date 

Milk 

Per 

Cent. 
Fat 

Fat 

Milk 

Per 

Cent. 

Fat 

Pat 

MUk 

Per 

Cent. 

Fat 

Fat 

Batter 

Dec.  23 

18.2 
18.5 
18.3 
21.3 
19.8 
20.1 
20.1 

4.5 
4.9 
4.6 
5.5 
5.2 
3.6 
5.5 

.82 

.91 

.84 

1.17 

1.03 

.72 

1.10 

15.8 

16. 

17.8 

17.1 

17.9 

18.1 

16.5 

4.6 

5. 

4.2 

5. 

4.6 

6.2 

5.3 

.73 
.80 
.75 
.86 
.82 
.94 
.87 

34.0 
34.5 
36.1 
38.4 
37.7 
38.2 
36.6 

4.55 
4.95 
4.40 
5.29 
4.91 
4.35 
5.38 

1.55 
1.71 
1.69 
2.03 
1.85 
1.66 
1.97 

1.81 

Dec.  24 

3.00 

Dec.  25 

1.86 

Dec.  26 

Dec.  27 

Dec.  28 

2.37 
2.16 
1.94 

Dec.  29 

2.80 

' 

255.5 

4.84 

12.36 

14.42 

Beoord  for  the  Four  Weeks— Deo.  28-29,  1896;  Jan.  20-26ff  April  6-12, 

Auff.  3-9.  1898. 


Feed 

Cost 

Lbs. 

of 

Milk 

Per 

Cent. 

Fat 

Fat 

Bntter 

Cost 
of  1  lb. 
Bntter 

Pat 

Cost 

Date 

Hay 

Grain 

BnBilage 

of  lib. 
Bntter 

Dec.  23-29'.... 
Jan.   20-26.... 

April  6-12 

Aug.  3-9 

56. 
63. 
59.5 

98. 
112. 
112. 

28. 

140. 

161. 

150.5 

Pasture 

Cents 
52.1 
59.5 
62.9 
40.9 

255.5 
265.3 
231.7 
169.2 

4.84 
4.67 
4.91 
4.85 

12.36 

12.38 

11.38 

8.20 

14.42 

14.44 

13.28 

9.57 

Cents 
4.2 
4.8 
5.6 
5.0 

Cents 
3.6 
4.1 
4.7 
4.3 

Beoord    for  Period    of 


Laotation  Arranged 
Duration. 


in  Periods  of  Four  Waeki' 


Period 

Feed 

Cost 

Milk 

Per 

Cent. 
Fat 

Fat 

Butter 

cost 
1  lb.  of 

Hay 

Grain  IBnsilaRc 

Butter 

1 

224. 
241.5 
238. 
238. 
238. 
24. 

392. 
427. 
420. 
448. 
441. 
139. 

91. 

63. 
105. 

154. 

560. 
612.6 
602. 
602. 
602. 
30. 

$2.08 
2.33 
2.41 
2.52 
2.49 
1.57 
1.56 
1.45 
1.61 

1.46 
.25 

965.9 
1044.2 
937-5 
943.5 
895.6 
820.3 
788.4 
750.6 
643.1 

486.4 
70.9 

4.56 
4.39 
4.61 
4.42 
4.96 
4.81 
4.43 
4.53 
4.79 

4.93 
5.49 

44.02 
45.86 
43.18 
41.72 
44.43 
39.45 
34.90 
34.03 
30.81 

23.98 
8.89 

51.36 
53.50 
50.38 
48.68 
51.84 
46.03 
40.72 
39.70 
35.95 

27.98 
4.54 

Cents 
4.05 

2 

4.36 

3 

4.78 

4 

5.18 

5 

4.80 

6 

7 

Pasture 
Pasture 
Pasture 
Pasture 

Pasture 
Pasture 

3.41 
3.83 

8 

3.65 

9  

Corn  Fod 
322. 

4.48 

10 

5.23 

11 

5.61 

19.73 

8346.4 

4.63 

386.27 

450.65 

4.38 
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HOUSTON. 


DaUy  Beoord  for  Week— Deo.  2-8, 1895. 


A.M. 

P.M. 

Total 

Date 

MUk 

Per 

Cent. 

Pat 

Fat 

Milk 

Per 

Cent. 

Fat 

Fat 

Milk 

Per 

Cent. 

Fat 

Fat 

Butter 

Dec.  2 

16. 

17. 

19. 

18.5 

19. 

19.5 

19. 

5.2 
5.4 
4.6 
5.2 
4.9 
4.7 
4.8 

.83 
.92 
.87 
.96 
.93 
.92 
.91 

15.9 

16. 

17.2 

16.8 

16.9 

17. 

16.6 

4.6 
4.2 
4.9 
4.6 
4.9 
4.7 
4.8 

.73 
.67 

.84 
.77 
.83 
.80 
.79 

31.9 

33. 

36.2 

35.3 

35.9 

36.5 

35.6 

4.89 
4.82 
4.72 
4.90 
4.90 
4.71 
4.78 

1.56 
1.59 
1.71 
1.73 
1.76 
1.72 
1.70 

1.82 

Dec.  3 

1.86 

Dec.  4 

2.00 

Dec.  5 

2.02 

Dec.  6 

2.05 

Dec.  7 

2.01 

Dec.  8 

1.98 

244.4 

4.82 

11.77 

13.73 

Beoord  for  the  Four  Weeks— Deo.  2-8,  1896;  Feb.  8-9.  April  6-12,  Aoff. 

8-9,  1896. 


Feed 

Cost 

Lbs. 

of 

Milk 

Per 

Cent. 

Fat 

Fat 

Butter 

Cost 
of  lib. 
Butter 

Fat 

Cost 

Date 

Hay 

Grain 

Bnailage 

of  1  lb. 
Butter 

Dec.  2-8 

Feb.  3-9 

Apt.  ft-12 

A«s.3-9 

52.5 

49. 

56. 

91. 
84. 
98. 
28. 

129.5 

119. 

140. 

Pasture 

Cents 
48.4 
48.3 
56.3 
37.1 

244.4 
220.9 
208.2 
170.5 

4.82 
5.24 
5.51 
4.79 

11.77 

11.58 

11.48 

8.16 

13.73 

13.51 

13.39 

9.52 

Cents 
4.14 
4.17 
4.91 
4.55 

Cents 
3.55 
3.58 
4.21 
3.90 

Beoord    for  Period    of  Laotation  Arranffed  in  Periods  of  Four  Weeks' 

Daration. 


Period 


Feed 


Hay    [Grain  Ensila>ce| 


Cost 


Milk 


Per 
Cent. 
Fat 


Fat 


Butter 


Cost 
of  1  !b. 
Butter 


1 

206.5 

2 

220. 

3 

206.5 

4 

220.5 

6 

224. 

6 

192. 

7 

8 

9 

10 

CornFod 

11 

441. 

la 

1.75 

357. 
385. 
357. 
385. 
392. 
336. 
105. 

56. 

63. 
112. 

161. 

126. 


507.5 

550. 

507.5 

549.5 

560. 

450. 


Roots 
126. 


Pasture 
Pasture 
Pasture 
Pasture 

Pasture 


$1.90 

794.1 

2.05 

925.1 

1.99 

859.4 

2.21 

845.5 

2.25 

837.1 

2.12 

782.5 

1.31 

743.9 

1.27 

753.4 

1.30 

717.3 

1.48 

673.5 

1.34 

594.9 

.87 

270.6 

20.09 

8797.3 

4.46 
4.67 
5.00 
6.08 
5.16 
6.41 
4.95 
4.62 
4.82 
5.07 

5.47 

6.13 


35.43 
43.24 
42.96 
42.94 
43.17 
42.37 
36.80 
34.77 
34.59 
34.18 

32.55 

16.58 


41.34 
50.45 
50.12 
50.10 
50.37 
48.43 
42.93 
40.57 
40.36 
39.88 

37.98 

19.34 


5.00 


439.58  512.84 


Cents 
4.60 
4.06 
3.97 
4.41 
4.47 
4.29 
3.05 
3.13 
3.22 
3.71 

3.53 

4.50 


3.92 
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INVESTIGATION  IN  MILK  PRODUCTION. 


IDA. 
Daily  Becord  for  Week— Sept.  23  29, 1805. 


Date 


A.  M. 


Milk 


Cent. 
Fat 


Fat 


Sept.  23 
Sept.  24. 
Sept.  25 
Sept.  26 
Sept.  27 
Sept.  28 
Sept.  29 


15. 

3.2 

12. 

3.9 

13.4 

3.6 

12.3 

3.2 

12. 

3.3 

11.1 

3.5 

12. 

3.3 

.48 
.47 
.35 
.39 
.40 
.39 
.40 


P.  M. 


Milk 


Per 

Cent. 

Fat 


12. 

12. 

12.2 

10.7 

10.5 

10. 

10. 


4. 

3.7 

3.4 

2.8 

4.8 

3.8 

4. 


Total 


Fat  I    Milk 


Per 

Cent. 

Pat 


Fat 


.48 
.44 
.41 
.30 
.50 
.38 
.40 


27. 

24. 

25.6 

23. 

22.5 

21.1 

22. 


3.56; 
3.80 
2.97 
3.00 
4.00 
3.65i 
3.64 


.81 

1.05 

.90 

.93 

165.2       3.50    5.79'  6.76 


.96 
.91 
.76 
.69 
.90 
.77 
.80 


Butter 


1.12 
1.06 


Becord  for  the  Four  Weeks— Sept.   23-29,  Dec.  16-22,   1895;  April  6-12, 

Aug.  24  30, 1896. 


Date 


Sept.  23-29.... 

Dec.  16-22.... 
April  6-12.... 
Ang.  24-30.... 


Feed 


Hay  Grain     Roots 


56. 
56. 


98. 
98. 
21. 


Cost 


■  Cent^ 

56.       I  36.4 

Ensilage' 

140.      1  52.1 

140.  56.3 

Pasture  I  34.5 


Lbs. 

of 

Milk 

Per 

Cent. 

Fat 

Fat 

Batter 

Cost 
of  lib. 
Batter 

Fat 

Co«t 
of  lib. 
Butter 

165.2 

145.7 
135.4 
120.1 

3.50 

3.60 
4.16 
4.10 

5.79 

5.25 
5.63 
4.92 

6.76 

6.13 
6.57 
5.74 

Cents    Ccotfl 
6.29      5.38 

9.93      8.50 

10.00      8.57 

7.01      6.01 

Becord   for  Period  of  Lactation   Arranged   in   Periods  of   Four  Weeks 

Duration. 


Period 


Cost 


11-15 


Milk 


650.6 
523.9 

534.4 

570. 

599.8 

541.4 

542.8 

54Q.4 

573.5 

581.7 

1983^2 
649.7 


Per  I 
Cent.     Fat 
Fat  I 


Butter 


3.27 
3.58 

3.53 
3.63 
3.62 
3.53 
3.89 
4.02 
3.93 
3.63 

4^1^ 
3.78 


21.28 
18.75 

18.86 
20.71 
21.71 
19.13 
21.09 
22.05 
22.56 
21.12 

81.83 


289.09 


24.83 
21.88 


Cost 
of  I  lb. 
Botter 

Centi 
4.95 
7.77 


22.00  8.45 

24.16  8.49 

25.33.  8.80 

22.32;  9.99 

24.61  9.14 

25.73  8.74 

26.32  6.80 

24.64  4.79 

95.47}_Sj2_ 
337-27:   7.24 


Daring  the  eleventh,  twelfih  and  thirteenth  periods  Ida  was  on  pasture. 
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LIGGETTA. 


Dally  Record  for  We«k-Oct.  14-20, 1896. 


A.  M 

Pat 

P.  M 

;   Per 

Milk  Cent. 

1   Fat 

Total 

Date 

1    Her 

MilkiCent. 

1   Fttt 

Fat 

Milk 

Her 

Cent. 

Fat 

Fat 

Butter 

Oct.  14 

16.3    3.2 

.52 
.58 
.58 
.45 
.46 
.64 
.50 

14.5 
16.3 
15.3 
14.4 
15.1 
15.4 
14. 

2.8 

3. 

2.9 

3.1 

3.6 

4. 

2.3 

.41 
.49 
.44 
.45 
.54 
.62 
.32 

30.8 
32.9 
33.3 
30.4 
30.3 
33.1 
31.1 
221.9 

3.02 
3.25 
3.06 
2.96 
3.30 
3.81 
2.64 
3.15 

.93 
1.07 
1.02 

.90 
1.00 
1.26 

.82 
7.U0 

1.09 

Oct.  15 

16.6 

18. 

16. 

15.2 

17.7 

17.1 

3.5 

3.2 

2.8 

3. 

3.6 

2.9 

1.25 

Oct.  16 

1.19 

Oct.  17 

1.05 

Oct.  18 

1.16 

Oct.  19 

Oct.  20 

1.47 
.96 



8.17 

Beoord  for  the  Four  Weeks— Oct.  14-20,  1895;  Jan.  6-12,  April  6-12.  June 

1-7,  1896. 


. 

Feed 

Cost 

Lb!i. 

of 
Milk 

Prr 

Cent. 

Fat 

3.15 

3.16 
4.10 
3.67 

Cost         /-^.4. 

of  lib, '^^^"^ 

Date 

Hay  Grain 

56.  j     98. 

63.  i  112. 

63.  ;  112. 

21. 

Roots 

Fat 

7.00 

6.16 
5.18 
4.09 

Butter 

8.17 

7.19 
6.04 

4.77 

Oct.  14-20 

Jan. 6-12 

Ap'l  6-12 

June  1-7 

105. 
Bnsltaee 

161. 

161. 
Pasture 

Cents 
49.6 

59.5 
64.3 
38.3 

221.9 

194.7 
126.4 
111.4 

Cents    Cents 
7.05       .604 

9.65       8.27 

12.41     10.64 

9.36       8.02 

Beoord    for   Period  of  Laotation   Arranired   in  Periods   of  Four  Weeks' 

Duration. 


Period 


Feed 


Hay  (Grain I      Roots      lEnsiia^ei 


Cost 


Lbs.    I    Per 

of       Cent. 

Milk    I  Fat 


Fat 


I  Costf 
Butter  1  lb.  o 
i  I  Butter 


1 266. 

2 266. 

3 234.5 


4. 
5.. 
6.. 
7., 
8. 
9. 
10. 


248.5 

252. 

252. 

252. 

150. 


420. 
378. 
413. 
441. 
448. 
448. 
448. 
285. 

84. 

28. 


J.. 


378. 
84. 


Pasture 
Pasture 
Pasture 


350. 

591.6 

633.5 

644. 

644. 

644. 

344.5 


I   


$2.13 
2.01 
2.19 
2.34 
2.55 
2.57 
2.57 
2.10 
1.42 
.71 

20.59 


771.9 
746.4 
746.4! 
759.3 
742.5 
704.1' 
548.0 
529.5 
464.1 

95.1 

6107.4 


3.38 
3.18 
3.31 
3.28 
3.23 
3.48 
3.76 
3.95 
3.57 
3^3 
3.42 


26.08 

30.43 

23.74 

27.70 

24.70 

28.82 

24.93 

29.09 

24.01 

ys.oi 

24.53 

28.62 

i'0.59 

24.02 

20.93 

24.42 

16.56 

19.32 

3.07 

3.58 

209.14 

244.ub 

Cents 
7.00 
7.26 
7.60 
8.04 
9.10 
8.98 

10.70 
8.60 
7.35 

8.44 
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INVESTIGATION  IN  MILK  PRODUCTION. 


LYDIA. 
Daily  Beoord  for  Week— Deo.  16-22,  1896. 


A.  M 

P.M. 

Total 

Date 

Milk 

Per 

Cent. 

Fat 

Fat 

MUk 

Per 

Cent. 
Fat 

Fat 

Milk 

Per 

Cent. 

Fat 

Pat 

Batter 

Dec.  16 

21.2 

19. 

18.9 

19.4. 

20.4 

20.2 

19.1 

3.4 

3.5 

3.2 

3.4 

3. 

3. 

3  3 

.72 

.6  7 

.60 
.66 
.61 
.61 
.63 

18.3 
17.4 
18. 
.18. 
19.2 
18.5 
19.4 

8.5 
3.4 
3.3 
3.6 
3.4 
3.3 
3.6 

.64 
.59 
.59 
.63 
.65 
.61 
.70 

89.5 
86.4 
36.9 
87.4 
39.6 
38.7 
38.5 

3.44 
3.46 
3.23 
8.45 
3.18 
8.15 
3-45 

1.36 
1.26 
1.19 
1.29 
1.26 
1.22 
1.33 

1.59 

Dec.  17 

1.47 

Dec.  18 

1.39 

Dee.  19 

1.61 

Dec.  20 

1.47 

Dec.  21 

Dec.  22 

1.42 
1.55 

267.0 

.S.84 

8.91 

10.40 

Beoord  for  the  Four  Weeks— Dec.   16-22,  1805;  Feb.  10-16,  AprU  20-26. 
Auff.  3-0,  1806. 


Peed 


Date 


Hay  Grain  Bnsilagei 


Cost 


Lbi. 

of 

Milk 


Per 

Cent. 
Fat 


Fat 


Butter 


Cost 


Cott 


Better  Better 


Dec.  16-22 I  56. 

Feb.  10-16 I  «*3. 

April  20-26....     63. 
Ang.  3-9 1 


9S. 
112. 
112. 

21. 


ICents 

140.         52.1 

161.      I  64.3 

140.      I  6-2.6 

Pasture!  38.3 


267.0 
233  5 
199.1 
136.6 


8.34 
8.09 
3.43 
3.97 


8.91 
7.22 
6.82 
5.39 


10.4O 
8.42 
7.96 
6.29 


Cents  I  Crnti 
6.83  I  6.00 
8.90  7.64 
9.18  I  7.86 
7.10   I  6.08 


Becord  for  Period  of  Lactation  Arranged  in  Periods  of  Fonr  Weeki' 

Duration. 


Period  , 


Feed 


Hay  |Grain|    Ensi  a^e 


I  I    Lb*. 
Cost        of 


Per 
jCent. 


Milk   i  Pat 


1... 

...'227.5 

2  .  . 

...'i.'r>2. 

S.... 

..  252. 

4.... 

...  -jn'i. 

5... 

...252. 

6 .... 

...1    90.5 

7 

« 1 

9 ' 

„, ...  ' 

399. 

44.S. 
4.4-8. 
448. 
448. 
i:OH. 

77. 

56. 

77. 

112. 


670.5 

644. 

C44. 

581. 

560. 

173. 


Corn   Fod. 
140. 


I  Pastnre 
,  Pasture 
'  Pasture 
.Pasture 

Pnatnre 


$2.12 
2.40 
2.57 
2.62 
2.50 
1.80 
1.45 
1.43 
1.50 

l.?3 


1017.8 
1  0(34.0 
916.7 
83 1. 0 
812.n 
852.2 
825.3 
690.2 
570.9 

451.2 


3.27 
2.99 
3.10 
3.28 
3.47 
3.49 
3.45 
3.77 
3.96 


^  Cost 

Butter  lib.  of 

!  Bntter 


33.26 
31.82 
28.43 
27.28 
28.18 
29.70 
29.^6 
26.03 
22.60 


J 


4.36|    19.67 


38.80, 
37.12 
33.i6| 
31.83 
32.88 
34.65 
34.02 
30.37 
26.37 

22.95 


19.62  8030.31    3.44  276.13  322.16 


Cents 
5.46 
6.47 
7.75 
7.92 
7.60 
6.19 
4.26 
4.71 
5.69 

5.80 


6.09 
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OLIVE. 
Daily  Beoord  for  Week— Oct  28-Nov.  3, 1896. 


Date 


Oct.  28  

Oct.  29 

Oct.  .^0 

Oct.  31 

Nov.  J 

Nov.  2 

Nov.  3 


A.  M. 

P.M. 

Total 

1    Per 

1    Per 

Ptr  : 

Milk 

Cent. 

Fat 

.MilkiCent. 

Fat 

Milk 

Cent.;  Fat 

Butter 

Fat 

Fat 

Fat  1 

13.6 

3.6 

.49 

12. 

4.1 

.49 

25.6 

3  83 

.9N 

1.14 

12.8 

4. 

.51 

13.3 

4. 

.53 

26.1 

3.^8 

1.04 

l.kl 

15.8 

3.8 

.60 

16.6 

3.8 

.59 

31  4 

3.80 

1.19 

1.39 

12.7 

4. 

.51 

14.1 

4.1 

.58 

26.8 

4.07 

1.09 

1.27 

16.5 

4.7 

,   .78 

14. 

4.4 

.62 

30.5 

4.59 

1.40 

1.68 

15. ."i 

4.7 

.73 

13.8 

5. 

.69 

29.3 

4.85 

1  42 

1.66 

15.8 

4.7 

,   .74 

14.1 

3.8 

.54 

29.9 

4  28 

1.2H 

1.49 

1 

1 



199.6 

4.21 

8.40 

9.80 

Becord  for  the  Four  Weeks— Oct.  28-Noy.  8,  1895;  Jan.  20-26,  April  20-C6, 

July  20-26.  1896. 


Date 


Feed 


Hay  Grain     Roots 


Cost 


Lbs.      Per 

of     Cent. 

Milk     Fat 


I 


Cost 

Fat    Better  »f„\/iV 
Fat 


Cost 
ofl  lb. 
Batter 


Oct.  28-Nov.  3 


Jan.  20  26 

Apr.  20-26 

Jqly  20-26 


66.    I   56. 


49. 
52.5 


84. 
84. 
14. 


56. 
Bnsilag^e 

119. 

119. 
Pasture 


Cents 
31.7 


199.6 


44.8  191  9 

48.9  147.2 
30.7|ll8.6 


4.21 

3.86 
4.27 
4.53 


8.40 

7.40 
6  28 
5  37 


8.63 
7.3.S 
6.27 


Cents 
3.79 

6.05 

7.80 
5.71 


Ctnts 
8.24 

5.19 
6  67 
4.89 


Beoord  for   Period   of  Lactation    Arrang-ed  in   Periods  of  Four   Weeks 

Duration. 


Period 

Feed 

288. 
196. 
196. 
196. 
196. 
210. 
210. 
20.5 

Grain 

231. 
322. 
336 
336. 
336. 
336. 
336. 

86. 

56. 

56. 

56. 

42 

Bnsiln^e 

~77. 
427. 
476. 
476. 
476. 
476. 
476. 
24. 

Koots 

1 

2 

140. 

3 

4    .    . 

a 

6 

7 

8 

9 



Pasture 
Pasture 

10 



Pasture 

11 

Corn   Fod. 
105. 

Pasture 

12  

Pnsture 



Cost ; 

$1.30 
1.71 
1.79 
1.84. 
1.93 
1.95 
1  95 
1.12 
1.23 
1  23 
1.23 
^xO 
8.08 


Lb-. 

Per 

of      ,Cent. 

Fat 

Butter 

Milk 
P47.1 

Fat 

4.16 

26.95 

31.44 

804.. 6|  3.H2 

30.71 

35.h.H 

H10.9    3.66 

29.67 

34.62 

752.7i  3.78 

28  4.^1 

33.17 

6.'>2.2,  3.93 

2.'^.r>2 

29.89 

579.9 

3  93 

23.32 

27.21 

579.8 

4.27 

24.78 

28.91 

625.2 

4.08 

25.51 

29.76 

533.7 

4  09 

21.81 

25.45 

4-^7.0 

4.40 

21.42 

2<..99 

371 .4 

4.82 

17.90 

20.8V 

l^O.R 

5.05 
4.06 

8.11 

9  46 

•OOft.l 

284.23 

3H1  60 

Cost 
1  111.  of 
Butter 
Cmts 
4.13 
4.77 
5.17 
S.55 
646 
7.17 
6.76 
3.76 
4  8S 
4.92 
6.89 
8.46 
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INVESTIGATION  IN  MILK  PRODUCTION. 


QUIDEE. 


Daily  Beoord  for  Week-Got.  7-18, 1806. 


A.  M 

Fat 

P.M. 

Total 

Date 

1   Per 
MilklCetit. 

1   Fat 

\  Per 
MilklCcnt. 

!   Fat 

Fat 

Milk 

Prr 

Cent. 
Fat 

Fat 

Butler 

Oct.     7 

12. 

13.6 

13.5 

12.4 

13.1 

14.4 

13.6 

4.3 

4. 

4. 

4.1 

3.7 

3.9 

3.4 

.52 
.54 
.54 
.51 
.48 
.56 
.46 

12. 

12.9 

11. 

12.4 

12.4 

12.5 

12.5 

4.1 

4. 

3.9 

4.1 

5.9 

4.3 

3.9 

.49 
.51 
.43 
.51 
.73 
.54 
.49 

24. 

26.5 

24.5 

24.8 

25.5 

26.9 

26.1 

4.21 
3.96 
3.96 
4.10 

1.01 

1.05 

.97 

1,02 

1.18 

Oct..   8 

Oct.     9 

Oct.  to 

1.23 
1.13 
1.19 

Oct.  11 

Oct.  12..... 

Oct.  13 

4,75 
4.09 
3.64 

4.10 

1.21 

I.IO 

.95 

1.41 
1.28 
1.1 1 



178.3 

7.31 

8,53 

Record  for  the  Four  Weeks-Oct.  7-18,  1895;  Jan.  1310,  April  18-19,  July 

13-19,1896. 


Peed 

Cost 

Lbs. 

of 

&iilk 

Per 

Butter 

Cost 

of  lib. 

Butter 

Fat 

Cott 

Date 

Hay 

Grain 

Roots 

Cent.'  Pat 
Pat  1 

of  lib. 
Butter 

Oct.  7-13 

Jan.  13-19 

Apr.  1319.... 
Jnly  13-19.... 

42. 

56. 
56. 

84. 

98. 
98. 
14. 

49. 
Bnsilage 

140. 

140. 
Pasture 

Cents 
39.5 

52.1 
56.3 
31.8 

178.3 

180.3 
151.2 

88.8 

4.10 

3.22 
3.61 
4.66 

7.31 

5.81 
5.47 
4.14 

8.53 

6.78 
6.38 
4.83 

Cents 
5.41 

8.97 

10.29 

7.69 

Cent! 
4.63 

7.69 
8.83 
6.59 

Record 


for   Period   of  Lactation   Arranged  in   Periods   of  Four  Weeks' 
Duration. 


Period  i 

Hay  iGrain 

Feed 

Coat 

Lbs. 
of 

Per 

Cent. 

Fat 

Butter 

Coat 
1  lb.  of 

1 

Roots 

Knsllaife 

Milk   1  Pat 

Butter 

1....... 

2 

3. 

196. 

196. 

213.5 

224. 

224. 

224. 

224. 

192. 

336. 
322. 
371. 
392. 
392. 
392. 
392, 
327. 

91. 

56. 

r,H. 

14. 

203. 
112. 

""182."" 
528.5 
560. 
560. 
560. 
560. 
450. 

$1.59 
1.61 
1.97 
2.08 
2.20 
2.25 
2.25 
2.09 
1.26 
1.27 
1.27 
.58 

616.5 
602.9 
647.8 

704.7 
680.9 
645.6 
635.0 
608.8 
587.4 
506.0 
349.6 
67.6 

4.00 
3.50 
3.60 
3.39 
3.34 
3.46 
3.39 
3.73 
3.32 
3.66 
4.55 
4.99 

24.63 
21.09 
23.30 
23.92 
22.74 
22.35 
21.52 
22.71 
19.49 
18.53 
15.92 
3.37 

28.74 
^4.61 
27.18 
27.9! 
26.53 
26.08 
25.11 
26.50 
22.74 
21.62 

CenU 
5.53 
6.54 
7.22 

4 

7.45 

5 

8.29 

6 

8.63 

7 

8.96 

8 

9 

Pas  tare 
Pasture 
Pa>ture 
Pasture 
Pasture 

7.89 
5.54 

10 

5.87 

11..     .. 

18.57 

6.84 

12 



3.93  13.71 

- 

1 

20.42 

6652.8 

3.60 

239.57 

279.50     7.31 
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SHORTIB. 


Daily  Beoord  for  Weak— Sept.  9-16,  1896. 


Date 


A.M. 


Milk 


Per 

Cent. 

Fat 


Fat 


P.  M. 


MUk 


Per 

Cent. 

Pat 


Fat 


Total 


Milk 


Per 

Cent. 

Fat 


Fat 


Butter 


Sept.  9 
Sept.  10 
Sept.  11. 
Sept.  12. 
Sept.  13. 
Sept.  14. 
Sept.  15. 


8.2 
6.5 
7.1 
7.1 
6.5 
5.5 
7.5 


4. 

3.2 

3.3 

3.8 

4. 

3.6 

3.4 


.38 
.2L 
.23 
.27 
.26 
.20 
.26 


5.5 

7.2 

6.9 

5.8 

6. 

5.2 

45 


4.4 

3.7 

4. 

3.5 

3.6 

3.9 

3.3 


.24 
.27 
.28 
.20 
.22 
.20 
.15 


13.7 
13.7 
14.0 
12.9 
12.5 
10.7 
12.0 


4.16 
3.50 
3.64 
3.64 
3.H4 
3  74 
3.42 


.57 
.48 
.51 
.47 
.48 
.40 
.41 


.67 
.56 
.60 
.54 
.56 
.47 
.48 


89.5 


3.71 


3.32 


3.87 


Beoord  for  the  Four  Weeks— Sept.  9-16,  Dec. 

June  8-14,  1896. 


9-16,    1896;    March  9-16, 


Feed 

Cost 

Lbs. 

of 

MUk 

Per 

Cent. 

Fat 

Fat 

Butter 

Cost 
of  lib. 
Butter 

Fat 

Cost 

Date 

Hay 

Grain 

Corn 
Fodder 

of  1  lb. 
Butter 

Sept.  9-16 

bee.  9-16 

Mar.  9-16 

raoe8-14 

21. 

42. 
35. 

35. 

70. 

60.9 

14. 

119. 
Bntilaffe 

98. 

87.5 
Pasture 

Cents 
20.5 

37.4 
35.1 
22.3 

89.5 

84.7 
7«<.3 
97.4 

3.71 

4.44 

4.78 
4.77 

3.82 

3.76 
3.74 
4.65 

8.87 

4.89 
4.36 
5  48 

Cents 
6.17 

9.95 
9.37 
480 

Cents 
5.29 

8.52 
8.04 
4.11 

Sooord   for   Period   of  Lactation   Arranged   in   Periods  of  Fonr  Weeks* 

Duration. 


Feed 

1    Koota 

Cost 

1    Lbs. 

1      of 

Per 
Cent. 

|Pat 

Buttei 

Cost 
1  lb.  of 

Hay 

Grain 

Corn  Pod. 

'  Milk    ,   Fat 

Butter 

&     ..  . 

91. 
126. 

154. 

164.5 

1H2. 

167.3 

145.6 

140. 

122. 

161. 
196. 

217. 

280. 

808. 

287. 

252.7 

243.6 

205.7 

56. 
126. 

322. 

$   .82 
.96 

1.13 
l.«0 
1.64 
1.58 
1.44 
1.40 
1.32 
.80 
2.17 

375.0   3.71 
328.5    4.22 

301.0   4.22 
833.91  4.40 
349.Hf  A.A.a 

13.93 
13.86 

12.70 
14.69 
15.59 
14.97 
14.24 
15.23 
16.89 
18.60 
35.62 
186.22 

16.25 
16.17 

14.82 
17.14 
18.19 
17.47 
16.61 
17.77 
19.71 
21.70 
41.44 
217^26 

Cents 
5.05 

-2 

140. 

5.94 

3 

^      .  - 

Bnsilage 
183. 
399. 
434. 
4«i2.5 
360.5 
350.0 
283.5 

70. 

7.62 
8  75 

K   

9.02 

fl 

328.5 
301.6 
298.0 
339.3 
414.6 

4.56 
4.72 
5.11 
4.98 
4.49 

9  04 

7 

8.67 
7  88 

9 

10   .    .. 

Pasture 
Pasture 
Pasture 

6.70 
3.69 

11-18.. 

636.2 

5.58 

5.24 

14.76 

4006.3    4.65 

6.79 
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SWEET  BRIAR. 


DaUy  Beoord  for  Week-Oct.  7-18.  1895. 


A.  M. 

P.M. 

Total 

Date 

1  Per 

Milk;Cent. 

1  Fflt 

Fat 

~."38 
.63 
.85 
.81 
.99 
.65 
.69 

'   Per 

MilkiCent. 
1   Pat 

Fat 

Milk 

Per 

Cent. 

Fat 

Fat  BottfT 

Oct.     7 

12.4 

3  1 

9.H 
10. 
11. 
11.5 
12. 
13.4 
13.3 

4.6 
4.8 
6.3 
4.8 
4.3 
4.8 
4.5 

.44 
.48 
.69 
.66 
.62 
.64 
.60 
........1 

'J'J.O 

3  7.^ 

82 

.96 

Oct.     8 

Oct.     9 

ll.fi 
13.3 
12  9 
14.6 
14.5 
16. 



4.6 
6  4 
6.3 
6.8 
4.5 
4.6 

21  5 
24.3 
24.4 
26.6 
27  9 
28.3 
176.00 

4.70 
6.J<4 
657 
5.68 
4.62 
4..«i8 

5.04 

1.01 
1.54 
1.36 
1.61 
1.29 
1.29 
8.h2 

1.18 
1.80 

Oct.  10 

1.59 

Oct.  11 

1.76 

Oct.  12 

1.51 

Oct.  13 

■  1.51 

|1^0.29 

Record  for  the  Pour  Weeks-Got.  7-13,  1896;  Jan.  6-12,  April  6-12.  Jnlf 

6-12.  1896. 


Feed 


Hay 


Grain|    Roots 


I  Cost 


Lbs. 

of 
Milk 


Per  I 
Cent.    Fat 
Fat 


Butter 


oflJ5  ofllb. 
B»**f^'Bnttcr 
Fat   , 


Oct.  7-13., 

Jan.  6-12.. 
Apr.«.l2.. 
July  6-12.. 


42. 


63. 
63. 


I 


84. 


112. 
112. 


70. 
Bn<(ilage 

161. 

161. 
Pasture 


Cents 
40.6  176.0 


59.6 
64.3 
30.4 


184.6 

144.1 

83.4 


5.04 

4.78 
5.20 
6.17 


8.82  10.29 

8  83*  10.30 

7.60  8.76 

4.3 1;  5.03 


CenU :  Cent* 
4.60  I  3.94 

6.73  5.77 
8.67  I  7.35 
7.05  :  6.04 


Becord   for   Period   of  Lactation   Arranged   in   Periods  of  Four  Weeks* 

Duration. 


Peiiod 

Hay 

Grain 

Feed 
Hoots 

Ensilage 

Cost 

Lbs.        Per 

of      Crnt. 

Milk       Fot 

Fat 

Cort 

Butter.llb.o< 
iBottef 

1 

203. 

2M0. 

234.5 

245. 

252. 

252. 

252 

209.5 

308. 
357. 
41  a. 

259. 
140. 

$1.54 
1.89 
2.19 
2.30 
2  50 
2.57 
2.57 
2.36 
1.28 
1.32 
1.22 
.61 

593.5 
765  6 
759. H 
742.6 
740.1 
686.0 
621.9 
471  3 
377,6 
350.8 
305.4 
120.1 
6534.7 

4.69 
4.57 
4.S9 
4.75 
4.92 
4.92 
4.99 
5.13 
4.72 
4  89 
5.23 
5.45 
4.86 

27.22 
34-95 
37.12 
35  24 
36.40 
33.78 
31.03 
24.16 
17.84 
17.14 
15  97 
6-54 

31.76    4,^ 

2 

3 

591.5 

623. 

644. 

61.4. 

64 1-. 

502.6 

40.77    464 

♦3  31 1  :iA>6 

4....... 

5 

434. 
44M. 
448 
44H. 
36'i 

63. 

28. 

^•'''  HI 

42.47    5.^ 

6 

39.41 '  6  5S 

7.. 

36.20.  7.11* 

8 

9 

Paattirc 
Pasture 
Pasture 
Pasture 
Pasture 

2M.19  ii.3: 
20.81    6.15 

10 

20  OO    6  60 

11 

18.a!t    6.55 

12 



7.63    T.99 



22.35 

317.39 

370.29.  6.04 
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TOPSY. 


Daily  Beoord  for  Week— Oot.  7-13,  1895. 


A.  M. 

P.  M. 

Total 

Date 

1  Per 

MUk  Cent. 

Pat 

Fat 

Milk 

Per 

Cent. 
Fat 

Fat 

Milk 

Per 

Cent. 

Fat 

Fat 

Batter 

Oct.    7 

21. 

20.6 

20.7 

20.6 

2". 

22.2 

20.3 

S.2 

4.7 

4.2 

4.3 

4.3 

4. 

4.2 

1.09 
.97 
.87 
.89 
.86 
.89 
.85 

17.5 

17. 

17.7 

17.9 

17.6 

18.2 

19.7 

3.5 

4. 

4.3 

4.4 

8.7 

4.3 

4. 

.61 
.68 
.76 
.79 
.65 
.78 
.79 

38.5 
37.6 
38.4 
38.5 
37.6 
40.4 
40.0 

4.42 
4.39 
4.24. 
4.36 
4.02 
4.13 
4.10 

1.70 
1.65 
1.63 
1.68 
1.51 
1.67 
1.64 

1.98 

Oct.    8 

1  93 

Oct.    0 

1.90 

Oct.  10 

1  96 

Oct.  11 • 

Oct.  12...... 

Oct.  13 

1.76 
1.95 
1.91 



271.0 

4.24 

11.48 

13.39 

Beoord  f6r  the  Four  Weeks— Cot.  7-13,  1896;  Jan.  6-12,  April  6-12,  Aug. 

3-9,  1896. 


Feed 

Cost 

Lbs. 

of 

Milk 

Ver 

Cent 
Fat 

Fat 

Date 

Hay 

Grain     Roots 

Oct.  7-13 

Jan.  6-12 

Apr.  6-12 

Aufi.B-9 

56. 
91. 
84. 

98.  '  84. 
161.  1  231. 
140.    1     203. 

28.      Pasture 

Crnts 
48.5 
S5.5 
81.3 
50.4 

271. 
324.3 
284.9 
147.9 

4.24 
3.69 
3.90 
4.07 

11.48 

11.98 

11.12 

6.02 

Butter 


13.39 
13.98 
12.97 


Cost 

of  I  lb. 

Butter 

Fat 


Cents 
4.23 
7.14 
7.31 
8.37 


Cost 
of  1  lb. 
Butter 


Cents 
3.63 
6.12 
6.27 
7.18 


Becord  for   Period   of  Lactation  Arrangred   in   Periods  of  Four  Weeks* 

Duration. 


Period 


Feed 


Hay  |Orain|     Koots 


Cost 

lEtisiinvrr,  | 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 


259. 
H57. 
339.J 
36+. 
343. 
336. 
336. 
290. 


392. 
420. 
595. 
644. 
602. 
581. 
560. 
462. 
138. 

84. 

91. 
105. 


364. 
196. 


Lbs. 

of 

Milk 


Per 
Cent.  I 

I    Kat 


J. 


Pasture 

Pastur 

Pasture 

Pasture 

Pasture 


$2.02 

904.O 

3.98 

224. 

2.28 

10H8.7 

3.89 

850.5 

3.16 

1219.3 

3.72 

924. 

3.4'-> 

1223.3 

3.67 

861. 

3.36 

1155.0 

3. 80 

833. 

3.35 

1154.4 

3.65 

812. 

3.25 

1153.0 

3.54 

652.5 

3.01 

1040.7 

3.91 

1.H7 

917.6 

3  79 

1.91 

833.6 

.M.83 

1.94 
1 .9U 

722.3 
314.3 

4.33 

4.14 



Ml.r)6 

11  72*1.2 

3.81 

Cost 
Fat    JButterll  lb.  of 
I     I  Mutter 

Cents 
4.81 
4.61 
5.96 
6.53 
6.72 
6.80 
6.83 
6.34 
4.61 
5.13 
5.31 

13.10 


35.99 
42.35 
45.41 
44.90 
42.85 
42.16 
40.79 
40.70 
34.79 
i  31.94 
31.29 
13  02 


42.00 
49.41 
52.98 
52.38 
49.99 
49. 1  9 
47.59 
47. 4K 
40.59 
37.26 
36.51 

15.19 

446.19  520.56 


6.06 
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The  following  table  gives  a  summary  of  the  record  of 
the  cows  during  the  period  of  lactation.  It  will  be  noticed 
that  the  three  grade  shorthorn  cows  Fairy,  Ida  and 
Shortie  were  in  milk  more  than  a  year,  which  was  caused 
by  a  delay  in  breeding  to  have  them  come  fresh  later  in  t^ie 
season  and  some  difficulty  was  experienced  in  getting  them 
in  calf.  Under  normal  conditions  their  lactation  would  not 
have  run  more  than  ten  periods  of  four  weeks  each. 
Duchess*  record  does  not  give  her  yield  for  the  full  period  of 
lactation,  for  the  reason  that  she  was  not  in  the  station* 
herd  when  she  came  in,  and  making  a  long  journey  in  a  car 
without  being  milked  caused  her  to  shrink  and  make  a 
poorer  record  than  she  would  have  done  had  she  dropped 
her  calf  at  the  station. 


TABIiB  LXXIV.-G-ivlnff  Cost  of  Feed,  Tield  of  Milk  and  Butter  and  Oost 
of  a  Pound  of  Batter  Daring  Period  of  Lactation. 


NAME 


Breed 


Belle 

Countess 

Dnchet>8 

Ethel 

Fairy 

Fortune 

Houston 

Ida 

LiRgetta 

Lydia 

OUve 

Quidee 

Shortie 

Sweet  Briar.. 
Topsy 


Grade  Shorthorn.. 

Holstein 

Jersey 

Grade  Shorthorn., 
(irade  Shorthorn.. 

Jersey.... 

Jcrsey-GuernMey.... 
Grade  Shorthorn.. 
Grade  Shorthorn.. 

Swiss 

Grade  Guernsey.... 

Holstein 

Native 

<5uemsev 

Grade  Holstein 


In  Milk 
Weeks 


Cost  of 
Feed     I 


Milk 
Lbs. 


Butter 
Lbs. 


40 
36 
44 
40 
68 
44 
48 
60 
40 
40 
48 
48 
62 
48 
48 


$1903 
22.05 
17.89 
16.64 
26.16 
19.73 
20.09 
24.42 
20.69 
19.62 
18.08 
20.42 
14.76 
22.35 
31.66 


Total '313.28 

Average i 


108410 
7227 


6033 
336 


Cost  of 
1  Lb. 
Butter 


60O4 

274 

9664 

286 

6364 

313 

4078 

196 

8448 

382 

8346 

460 

8797 

612 

7649 

337 

61 07 

244 

8030 

322 

70(»6 

331 

6662 

279 

4006 

217 

6534 

370 

11726 

620   ; 

I  Centa 
6.94 
7.71 
6.70 
8.44 
6.85 

4.sa 

3.92 
7.24^ 
0.44 
6.09' 
6.45^ 
7.81 
6.79' 
6.04 
606 


6.2 


The  table  shows  a  fairly  satisfactory  yield  for  the  herd 
as  a  whole,  being  on  an  average  7,227  pounds  of  milk  and 
335  pounds  of  butter  per  cow,  but  in  comparing  the  records 
of  different  cows  a  great  variation  is  shown  both  as  to  the 
cost  and  amount  of  butter  produced,  the  yield  ranging  from 
196  by  the  grade  shorthorn  Ethel  to  520  pounds  by  the 
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^ade  Holstein  Topsy,  and  the  range  in  cost  from  S.tt  cents 
per  pound  to  3.92  cents,  and  averaging  6.2  cents  for  the 
^Tirhole  herd.  The  cost  to  produce  a  pound  of  butter  was  low 
i)ecause  the  food  stuffs  were  exceptionally  cheap  and  also 
because  the  ration  used  was  selected  from  food  providing 
protein  at  lowest  cost.  Bran  cost  $6.50  per  ton,  oil  meal 
^14  nnd  hay  $3,  while  oats  were  14  cents  per  bushel  and 
barley  16  cents.  Unfortunately  such  low  prices  very  seldom 
obtain,  and  to  ascertain  what  might  be  expected  from^  the 
different  cows  when  feed  stuffs  are  50  per  cent,  higher,  mak- 
ing bran  cost  $9.75  per  ton,  oil  meal  $21,  hay  $4.50,  barley 
24f  cents  per  bushel,  o^.ts  21  cents,  and  what  little  other  feed 
they  received  at  the  same  rate, — the  following  table  is  sub- 
mitted : 


TABLB  LXX v.— Showing  Net  Beturn  firom  Baoh  Oow. 


NAME 


Breed 


«Uiel 

-Shortle 

l-i««etta 

Ida. 

Palry 

Oaidce 

Belle 

Coantess 

Dacbess 

li^jdia 

Sweet  Briar 

OUve 

Xopey 

Portane 

Honston 

Onchesa  4  th. 


Co^t  of 
Peed 


Milk 
Lbs. 


Grade  Shorthorn 

Native , 

Grade  Shonhora 
Grade  Shorthorn 
Gr«de  Shorthorn 

HolHtein 

Grade  Shorthorn 

Holstein 

Jersey 

Swiss 

Gnemsey 

Grade  Guernsey.. 
Grade  Holstein... 

Jersey 

Jersev-Gnernsey,. 
Jersey 


$24.8 1 
18.88 
30.88 
28.15 
•-^6.3  7 
30.63 
28.64 
33.n7 
2683 
29.43 
33..^2 
27.12 
47.34 
29.ft9 
30.13 
26.72 


4078 
3870 
6107 
6666 
6-237 
6662 
6004 
96*^4 
5.H64 
8030 
6534 
7006 
11726 
8346 
8797 
7914 


Butter 
Lbs. 


196 
176 
244 
24  i 
243 
279 
274 
286 
813 
322 
370 
331 
620 
460 
612 
493 


Net 
Return 


$  9.92 
11.79 
13  73 
16.67 
16.96 
19.96 
20  44 
2268 
27.16 
29.42 

30  60 

31  81 
46.12 
48  96 
68  33 
58.73 


In  calculating  the  net  return  the  cows  are  credited  with 
15  cents  per  pound  for  butter  and  15  cents  per  100  pounds 
of  skim  milk.  These  valuations  are  not  exactly  correct,  be- 
•catise  dairymen  as  a  rule  do  not  receive  a  net  return  of  15 
^cents  for  their  butter  taking  the  year  through,  and  skim  milk 
is  only  valuable  in  proportion  to  the  solids  it  contains.  The 
^irater  in  milk  varies  greatly  with  different  breeds  and  differ- 
^tit  cows,  and  has  no  feeding  value.    In  calculating  the  net 
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return  irom  the  cows  Ida,  Fairy  and  Shortie,  we  must  take 
into  consideration  that  they  were  charged  for  feed  and 
credited  for  milk  and  butter  produced  during  40  weeks  only. 
For  under  normal  conditions  such  cows  scarcely  ever  remain 
in  milk  more  than  that  time,  and  they  would  hardly  have 
given  milk  that  long  had  they  been  bred  to  come  in  at  the 
same  time  the  year  following.  The  record  of  Duchess  for 
the  first  year  that  she  was  in  the  herd  during  a  full  period  of 
lactation  is  added  to  the  bottom  of  the  table  to  show  what 
she  did  under  normal  conditions.  She,  however,  was  in  milk 
a  whole  year  and  gave  518  pounds  of  butter,  but  her  record 
covers  48  weeks  only,  the  time  that  she  would  have  re- 
mained in  milk  had  she  been  due  to  calve  a  year  from  the 
time  she  came  in. 

The  following  table  is  given  to  show  what  the  net  re- 
turn from  the  different  cows  would  have  been  had  the  feed 
been  comparatively  high,  say,  bran  $11.37  per  ton,  oil  meal 
$24.50,  hay  $5.25,  oats  24y2  cents,  barley  28  cents,  and 
other  feed  in  proportion.  These  prices  are  not  unusual,  and 
farmers  should  know  what  may  reasonably  be  expected 
from  cows  under  such  conditions : 


TABLB  LXX VI.— Showing  Net  Beturn  from  Baoh  Cow  when  Feed  Is  Com- 
paratively Hlffb. 


NAMB 


Breed 


Ethel 

LigRctta 

Shortie 

Ida 

Fairjr 

Belle 

Quidee 

Countess 

Duchess 

Ljdia 

Sweet  Briar, 

Olive 

Top»y  

Portune 

Houston 

Duchess  -i-th. 


Grade  Shorthorn 
Grade  Shorthorn 

Natire 

Grade  Shorthorn 
Grade  Shorthorn 
Grade  Shorthorn 

Holstcin 

Holstt^in 

Jersey 

Swiss , 

Guernsey 

Grade  Guernsey.. 
Grade  Holstein... 

Jerscv , 

J^-rsey-Guernsey... 
Jersey 


Cost  of 

M"k 

Butter 

F^ed 

Lbs. 

Lbs. 

$28.94 

4078 

,96 

36.02 

6107 

244 

22.02 

8370 

175 

32.84 

6666 

242 

30.76 

5237 

243 

33.29 

60f>4 

274 

36.73 

6662 

279 

38.58 

9664 

286 

81.30 

5364 

313 

34.33 

8030 

822 

39.1 0 

6534 

370 

31 .64 

7005 

831 

fiS.23 

11726 

620 

34.52 

8346 

46<» 

85.16 

8797 

612 

30.00 

7914 

493 

Net 

Retarn 


$  5.81 
K.69 
865 
12.79 
12.66 
15  69 
14.85 
17.07 
22.69 
24.62 
25.02 
27.29 
38  23 
44.02 
53.31 
64.45 
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It  will  be  seen  from  the  above  table  that  there  is  a  great 
diflFerence  in  the  net  return  made  from  the  different  cows, 
and  that  some  of  the  cows  would  bring  in  less  than  the  cost 
of  keeping  under  conditions  generally  obtaining  on  the  farm. 

The  cows  received  a  balanced  ration,  were  fed  and 
milked  regularly  and  comfortably  housed,  and  yet  one 
COW  in  the  herd  earned  $6.09  more  than  the  combined  net 
return  from  five  others.  When  one  cow  will  earn  enough 
more  than  another  to  buy  with  the  surplus  a  steer  ready 
for  the  block,  the  question  as  to  the  value  of  the  calf  for 
meat  production  becomes  insignificant.  The  true  dairyman, 
feeding  and  milking  dairy  type  cows,  should  have  little  con- 
cern as  to  the  supply  or  demand  for  steers  as  feeders;  for 
he  can  well  afford  to  let  those  who  do  not  care  to  bother 
with  milking  supply  that  demand  from  cows  like  the  first 
six  listed  in  the  table. 


TA.BLB  LXKVII.— Oows  Havinffia'.Tendenoy  to  Lay  on  Flesh. 


NAMB           I              Breed                 ^g^*/ 

1                                                                            1 

Milk 
Lbs. 

Butter 
Lbs. 

Cost  of 
1   lb. 
Butter 

Net 
Return 

Bthel '  Grade  Shorthorn. 

triflTSTc^tta 1  Grade  Shorthorn. 

Sh  #rtic 1    Native 

$2894 
36.02 
22.02 
32  **4, 
30.76 
33.29 

4078 
6107 
8370 
6666 
6237 
6004 

J  96 
244 
175 
242 
243 
274 

Cents 
14.76 
14.76 
12  58 
13.94 
12  65 
12.14 

$5.81 
8.59 
8.65 

Ida 

Grade  Shorthorn. 
Grade  Shorthorn. 
Grade  Shorthorn. 

12.79 

Fairy 

Bcllc 

12  56 
15.69 

Average 

30.64 

5077 

229 

13  38 

10.37 

The  average  cost  for  feed,  charging  for  keep  during  the 
time  of  lactation  only,  is  $30.64-,  which  is  $7.18  less  than  the 
cost  of  feed  per  year  reported j^in  Bulletin  35,  showing  that 
the  charge  for  feed  is  not  unreasonable.  The  average  yield 
of  milk  was  5077  pounds,  which  is  certainly  a  good  yield, 
and  is  conclusive  evidence  that  it  does  not  follow  that  a 
cow  giving  *'a  good  mess'*  is  a  profitable  cow  in  the  dairy, 
or  will  pay  even  for  her  feed.  The  average  yield  of  butter 
was  229  pounds,  which  is  far  above  the  average  yield  of  the 
cows  as  fed  and  handled  on  our  farms.    The  cost  for  feed  to 
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produce  a  pound  of  butter,  not  taking  account  of  the  laborp 
is  13.38  cents.  It  should  be  borne  in  mind  that  the  time  has 
passed jwhen  butter  will  bring  in  the  markets  30  or  even  20 
cents  per  pound,  and  that  it  is  only  bj  co-operative  dairyings 
using  only  the  best  apparatus,  employing  only  skillful  bnt- 
termakers,  and  then  only  under  conditions  so  favorable 
that  butter  can  be  shipped  in  carload  lots,  that  the  farmer  can 
expect  to  realize  15,  or  at  best  16,  cents  over  cost  of  manu- 
facture for  his  butter.  So,  with  all  things  favorable  as  to 
manufacture,  and  with  scientific  feeding  and  skillful  manage- 
ment of  this  style  of  cow,  we  may  get  the  paltry  return  of 
from  half  a  cent  to  a  cent  and  a  half  profit  per  pound  for 
butter,  being  an  anual  net  return  per  cow  of  from  $5.81  to 
$15.69,  and  averaging  $10.37. 


TABLB  LXXV  III.— Cows  Spare  and  Angular. 


NAME 


Sweet  Briar.. 

Olive 

TopRy 

Fortune 

Houston 

Dnchess  4ih.. 


Average.. 


Breed 


Cost  (  f 
Feed 


Gaemsey $39.in 

Guerusey I   31.64 

Grade  Holstein....!   69.23 

Jersey ;   34.0 'i 

Jersey-Guernsey... i   35.15 
Jersey '    30.00 


$37.60 


Milk 
Lbs. 


6534 
7005 
11726 
8346 
8797 
7914 


6720 


Batter 
Lbs. 


870 
831 
620 
460 
512 
493 


446 


Cost  of 
1   lb. 
Butter 


Cents 
10.66 
9.56 
10.61 
7.67 
6H6 
6.08 


Net 

Retun 


8.43     $38.11 


$25.02 
27.2^ 
38.2» 
44  02 
53.31 
54.46 


The  average  cost  of  feed  for  this  group  is  $37.60  against 
$30.64  for  the  group  of  grade  shorthorns,  and  22  cents  less 
than  the  cost  for  feed  per  year  as  reported  in  Bulletin  35. 
Yield  of  butter  446  pounds,  being  94.7  per  cent,  greater  than 
the  butter  from  the  shorthorn  cows  which  cost  58.6  per 
cent,  more  than  that  from  the  dairy  cows;  the  dairy  type 
cows  returning  an  annual  profit  of  $38.11,  against  $10.37 
from  those  having  a  beef-making  heredity.  Under  condi- 
tions now  existing,  the  dairy  type  cow  can  earn  from  two 
to  three  times  as  much  in  the  dairy  as  can  the  grade  beef 
cow. 
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RECORD  OF  THE  HERD  FOR  THE  YEAR  1896. 

The  time  covered  in  this  report  does  not  in  every  in- 
stance have  reference  to  the  food  consumed  and  milk  and 
butter  fat  produced  within  the  year  1896.  On  account  of 
the  numerous  changes  that  occurred  in  the  herd  it  was  nec- 
essary in  some  cases,  in  order  to  give  a  full  year's  work,  to 
include  a  portion  of  the  previous  year.  If  a  cow  left  the  herd 
say  the  1st  of  November,  1896,  her  record  commenced  the 
same  time  the  year  previous.  The  feed  stuffs  used  during 
the  last  lew  months  in  1895  were  the  same  as  that  used  the 
last  of  1896,  as  enough  had  been  bought  to  last  over  the 
year. 

During  the  winter  months  the  rations  were  adjusted  to 
the  wants  of  each  animal,  regardless  of  siie.  A  certain  pro- 
portion of  roughage  to  grain  was  always  maintained  to 
keep  the  rations  properly  balanced. 

The  feed  stuffs  used  from  the  beginning  of  the  year  until 
the  cows  went  to  pasture,  their  composition  and  price,  are 
given  in  the  report  for  the  winter  of  1895-96. 


TABLE  LXXIX— LUtof  Oows  in  the  Herd  During  the  Tear  1886,  Their 
Affe,  Breeding,  Time  of  Oalvin^  and  Time  of  Service. 


NAME 


Age 


Breeding 


Date  of  Calving 


Date  of  Service 


Countess 

Duchess 

Ethel 

Fortune 

Houston 

Ida 

Uggctta 

Lydla 

OUve 

gluidee 
hortie 

Sweet  Briar.. 
Topsy 


I 


Holsteia 

Jersey 

Grade  Shorthorn. 

Jersey 

Jersey -Guernsey ... 
Grade  Shorthorn. 
Grade  Shorthorn. 

Swiss 

Grade-Guernsey ... 

Holstein 

Native 

Guernsey 

Grade  Holstein.... 


Nov. 

Sept. 

Dec. 

DfC. 

Nov. 

Sept. 

Oct. 

Dec. 

Oct. 

Oct. 

Sept. 

Oct. 

Oct. 


5.  1896..: 
1896... 

21,1896... 

17,  1896... 

30.  1895.... 

9,  1895..., 

1895... 

9,  1896... 

16,  1896..., 

1,  1896..., 

1896..., 

6.  1895.  , 
14,  1896... 


Dec. 
Dec. 


Feb. 


Feb. 


20,  1896 
18. 1895 


4,  1896 
2*8,**1896 


Jan. 
Jan. 
Dec. 
Dec. 
Jan. 
Jan. 


26,  1896 
23,  1896 
31.  1895 
29, 1896 
13.  1896 
20. 1896 


The  COWS  were  confined  in  their  stalls  while  they  were 
being  fed  and  milked;  during  the  day  they  were  turned  into 
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a  covered  runway  where  they  had  access  to  salt  and  water. 
They  received  no  feed  while  they  were  in  the  runway.  On 
pleasant  days  they  were  allowed  to  go  into  the  open  yard, 
where  they  could  have  the  benefit  of  the  fresh  air  and  sun- 
shine. Ten  of  the  cows  were  confined  in  Bidwell  stalls  and 
the  remainder  in  stanchions  and  box  stalls  while  they  were 
fed  and  milked.  Strict  regularity  was  observed  at  all  times. 
Each  cow  was  assigned  to  a  certain  stall  and  not  allowed 
to  occupy  any  other,  which  made  them  contented,  and 
saved  much  time  in  caring  for  them.  They  were  groomed 
regularly  and  kept  clean.  The  stable  was  cleaned  each 
morning  after  they  were  turned  into  the  runway.  Their  stalls 
were  kept  bedded  with  fresh  mill  shaving*,  so  they  had  no 
access  to  anything  they  could  eat  except  what  was  weighed 
out  to  them.  If  straw  is  used  for  bedding  they  will  eat  some 
of  it,  no  matter  how  well  and  regularly  they  may  be  fed. 

The  standard  ration  for  the  winter  was  14  pounds 
of  grain,  8  pounds  of  hay  and  20  pounds  of  ensilage;  light 
feeders  receiving  less  and  heavy  feeders  more.  For  instance, 
during  February  Topsy  received  21  pounds  of  grain  perday, 
12  of  hay  and  30  of  ensilage,  while  Olive  received  12  pounds 
of  grain,  7  of  hay  and  17  of  ensilage.  The  grain  was  a 
mixture  composed  of  bran  6  parts,  barley  4,  oats  3  and  oil 
meal  1.  The  bran  was  charged  at  $6.50  per  ton,  barley  16 
cents  per  bushel,  oats  14cents  and  oil  meal  $14  per  ton.  Prairie 
hay  was  valued  at  $3  per  ton,  the  price  it  cost  baled  at  the 
local  railway  station.  The  ensilage  from  the  2d  of  February 
contained  24.04  per  cent,  dry  matter  and  was  valued  at 
$1.60  per  ton.  All  the  feed  stuffs  were  of  excellent  quality. 
On  account  of  the  abundance  of  forage  in  the  northwest,  its 
low  local  market  price,  carbohydrates  become  almost  as 
free  as  air  and  water.  Every  ration  made  up  from  thegrains 
and  forage  grown  on  our  farms  contain?  carbohydrates  in 
excess,  and^the  problem  with  us  is  how  to  compound  a 
ration  so  as  not  to  have  this  nutrient  in  excess  and  how  to 
provide  the  protein  needed. 
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Under  such  conditions  the  digestible  protein  contained  in 
our  feed  stuffs  is  a  fair  measure  of  their  commercial  value.  At 
the  prices  quoted  for  bran  and  oil  meal  we  secure  the  digestible 
protein  in  these  by-products  for  2.76  cents  per  pound.  In 
the  prairie  hay  it  costs  2.88  cents  per  pound,  in  ensilage 
4  cents,  and  in  the  roughage  as  used  in  the  ration  it  costs 
3.36  cents  per  pound;  that  is,  digestible  protein  costs  2.58 
per  cent,  more  in  the  roughage  than  it  does  in  the  bran  and 
oil  meal.  This  accounts  for  a  large  portion  of  the  ration 
fed  to  dairy  cows  being  made  up  with  concentrated  feed.  So 
far  as  our  investigations  have  progressed  no  injurious  effect 
has  been  discovered  from  such  heavy  grain  feeding  when 
barley,  wheat,  oats,  peas,  bran  and  oil  meal  have  been  used. 


TABLE  LXXX.— Showing  Pounds  of  Orain  Mixture  Fed  to  the  Different 

Cows. 


1896 


January  February i    Marcb  April 


May 


June 


Countess 

Duchess 

Ethel 

Fairy 

Fortune 

Houston 

Ida 

LigRctta 

Lydia 

olive 

g'uidee 
hortie 

Sweet  Briar. 
Topsy 


21 

19 

19 

19 

13 

13 

13 

13 

13 

13 

14 

14 

14 

12 

12 

13 

14 

16 

16 

16 

14 

18 

14 

14 

la 

14 

14 

14 

16 

16 

16 

16 

16 

16 

16 

16 

12 

12 

12 

12 

14 

14 

14 

14 

10 

10 

9 

8.7 

16 

16 

16 

16 

22 

21 

20 

20 

6 
2.S 

4 
6 
6 
6 
2 


4 

2 

4 

2 

3 

2 

3 

2 

2 

2 

3 

2 

6 

3 

The  foregoing  table  shows  a  wide  range  in  the  digesting 
powers  of  the  different  members  of  the  herd,  some  taking 
more  than  twice  as  much  grain  as  others.  Only  in  a  general 
way  had  the  amount  of  the  ration  any  reference  to  the  size 
of  the  cow,  that  is  the  cows  taking  the  large  rations  were 
large  cows  but  some  of  the  large  cows  took  comparatively 
small  rations,  while  the  reverse  was  true  with  some  of  the 
smaller  cows. 

That  the  rations  contained  an  unusual  quantity  ofgrn  » 
is  clearly  shown  by  the  above  table,  and  it  is  not  strar^ie 
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that  they  should  be  considered  excessive  by  some.  But  those 
who  had  personal  knowledge  in  regard  to  the  conduct  of  the 
herd  are  satisfied  that  such  was  not  the  case,  for  without  a 
single  exception  the  food  was  eaten  with  a  relish,  and  ap- 
parently as  fully  digested  as  usual.  In  some  instances  more 
feed  was  given  than  could  have  been  utilized  for  milk  pro- 
duction, but  this  was  b,ecause  of  the  breeding  and  conforma- 
tion of  certain  members  of  the  herd.  The  writer  has  always 
made  it  a  practice  to  visit  daily  and  closely  inspect  every 
animal  in  the  division.  The  feed  boxes  and  mangers  are  in- 
spected at  least  once,  and  more  often  twice,  a  day.  It  is  an 
easy  matter  to  quickly  detect,  by  the  sense  of  smell,  if  any 
animal  is  not  properly  digesting  its  food. 

The  rations  given  in  the  table  are  copied  from  the  weekly 
report  of  the  stock  foreman  and  are  for  the  week  covering 
the  15th  of  each  month.  It  is  not  to  be  understood  that  the 
rations  were  not  changed  as  to  quantity,  for  it  sometimes 
happened  that  an  animal  would  show  that  it  was  receiving 
too  much  or  too  little,  and  in  such  cases  the  ration  was  in- 
creased or  diminished,  according  to  the  evidences  of  the  case. 
No  changes,  however,  were  made  at  any  time  other  than 
Monday  morning.  No  animal  was  ofi*  its  feed  during  the 
winter. 

The  cows  were  turned  into  pasture  the  4th  of  May.  The 
grain  feed  was  gradually  reduced  until  June,  when  they  re- 
ceived a  pound  morning  and  evening;  except  that  Fortune 
received  one  and  one-half  pounds,  and  Topsy  three  pounds. 
No  roughage  was  fed  while  they  were  in  pasture.  In  August, 
when  grass  became  scant, the  grain  was  gradually  increased 
with  cows  that  were  giving  milk;  the  others  received  no 
feed  except  what  they  could  get  in  the  pastures.  Daring 
September  a  little  old  timothy  hay  was  fed  to  those  in  milk, 
and  from  the  1st  to  the  25th  of  October  they  were 
pastured  on  second  growth  clover.  During  the  last  week  in 
October  they  were  gradually  broken  into  stall  feeding,  bat 
were  allowed  the  freedom  of  the  yard  warm  nights  andfora 
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few  hours  during  the  day.  They  received  some  odd  lots  of 
timothy  and  clover  that  had  been  left  in  the  bam,  for  which 
they  were  charged  at  the  rate  of  $4  per  ton. 
Enough  barley,  oats  and  oil  meal  was  left  over  to  last 
through  the  year.  Twenty -five  tons  of  bran  was  purchased 
at  $4.50  per  ton  and  they  were  charged  for  bran  at  that 
rate,  notwithstanding  the  fact  that  it  dropped  to  $3.50  the 
week  following  its  purchase.  The  crops  of  1896  were  so 
large  in  the  north  west,  that  feed  stuffs  were  so  plentiful  and 
prices  so  low  that  farmers  refused  to  buy  the  mill  stuffs  at 
any  price,  and  in  many  instances,  in  the  interior,  millers  had 
to  use  bran  for  fuel  in  order  to  get  rid  of  it. 

TABIiB  TiXXXT.— P— d  Staffs  used  dorinff  November  and  December,  1806, 
with  Peroentaffe  of  Dry  Matter,  Digestible  Nutrients  and  Cost. 


Dry 
Matter 

DIGBSTIBLB 

Cost  Per 

FOOD 

Pro. 

C.H. 

Fat 

Bu.  or  Ton 

Timothj.    Clover  and 

RjeHay 

Com  Fodder 

Bran 

88.B0 
60.77 
88.18 
87.03 
89.30 
92.76 
89  50 
89.50 
17.66 

3.64 

1.76 

11.72 

10.63 

8.12 

9.76 

30.93 

6.36 

1.-43 

40.82 
28.33 
36.61 
56  44 
66.45 
51  40 
31.67 
38  38 
14.86 

1.89 
1.67 
4.04 
1.71 
4.00 
3.43 
5.79 
1.88 
.10 

$4  00 
1  60 
4.50 

Barley 

.16 

Com 

.16 

Oats 

.14 

on  Meal 

14.00 

Timothy  and  Clover 

Roots 

4.00 

From  the  26th  of  October  to  the  22d  of  November, 
inclusive,  the  cows  received  bran,  corn  and  oil  meal  in  the 
proportion  of  5,  6  and  1,  and  roots  and  hay  in  weight  equal 
to  the  grain.  A  cow  receiving  12  pounds  of  grain  received 
12  pounds  of  hay  and  12  pounds  of  roots. 

TABLB  LXXZn.— Batten  Fed  from  Oct.  26th.Nov.  22d. 
SWEET  BRIAR. 


Lbs. 

D.  M. 

DiOBSTIBLB 

FOOD 

Pro. 

C.H. 

Fat 

Bran 

5 
6 

1 
12 
12 

4.41 

5  34 

.89 

10.74 

2.17 

.58 
.48 
.31 
.63 
.17 

1.78 
3.93 
.31 
4.60 
1.78 

.20 

Com.. 

.24 

Oil  Meal 

.05 

Haj 

.22 

Roots 

.01 

23.65 

2.17 

12.40 

.72 

Digestible  Nutrients,  16.37.        Nntriiive  Ratio,  1:6.5. 
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The  amount  fed  to  the  different  cows  ranged  from  9  to 
15  pounds  of  grain  with  roots  and  hay  inproportion.  The 
ration  as  formulated  was  composed  of  12  pounds  of  grain, 
and  as  many  of  beets  and  hay,  and  contained  23.55  pouods 
of  dry  matter,  of  which  16.37  pounds  were  calculated  as 
digestible,  making  a  nutritive  ratio  of  one  of  protein  to  six 
and  a  half  of  carbohydrates  and  fat  equivalent. 

TABLB  LXXXin  — Bation  Fed  ftrom  Nov.  23d  to  Deo.  27th. 


Lbs. 

D.  M. 

DlOBSTIBLB 

FOOD 

'        Pro. 

!        1.17 
.21 
.16 
.78 
.20 

C.H. 

Pat 

Br^n 

10 
2 

2 
14 
14 

8.82 
1.74 
1.78 
12.53 
2.46 

3.56 
1.13 
1.31 
3  87 
2.08 

,40 

Barley 

Com 

.02 
.08 

Hay 

.26 

Roots 

.01 

27.32 

2.47 

13.45 

.77 

Digestible  Nutrients,  17.84.     Nutritive  Ratio,  1:6.2. 

The  change  in  the  ration  was  necessary  because  of  a 
feeding  experiment  to  which  attention  will  be  invited  later 
on.  The  ration  used  the  latter  part  of  November  and  during 
December  contained  a  trifle  more  protein  to  carbohydrates 
than  did  the  one  fed  immediately  previous.  The  materials 
used  in  these  rations  contained  a  larger  percentage  ofwater- 
free  substances  than  was  estimated,  and  was  therefore  a 
heavier  ration  than  we  intended  to  feed.  The  dry  matter 
determination  was  not  reported  back  until  the  27th  ot 
December,  when  the  dairy  record  was  closed,  that  date  fall- 
ing on  Sunday. 

The  following  tables  give  the  yield  of  milk  and  butter 
equivalent  of  each  cow  during  the  thirteen  periods  of  foar 
weeks,  ending  with  her  period  of  lactation, and  totals  for  the 
dairy  year,  the  average  per  cent,  of  fat  in  the  milk  and  the 
average  weight.  Every  animal  in  the  Dairy  Division  is 
weighed  each  Monday  morning  after  feeding  and  before 
watering,  and  the  average  of  four  weighings  gives  the  aver- 
age weight  for  each  period.    The  tables  are  self-explanatorT» 


Digitized  by  VjOOQIC 


RECORD  OF  THE  HERD  FOR  THE  YEAR  1896. 


447 


o 

s 


• 


I 
Pi 

s 

-d 

i 

o 
« 

I 

-d 

s 
I 


s 


IC 

a 

oc 

H      10      «       ^       O 

or 

1- 

1      00      0 

CC 

CI 

»    1 

"a 

CI 

- 

OB 

^ 

1    H    t*    -♦    «e 

O 

lo'    c<i     oi    '^i 

O     10     CO      c 

CO 

•M 

c 

>    a 

H       O       H       O 

oc 

CI 

0 

^ 

0>      G 

« 

1- 

(     r«    r«     lo 

c 

o    « 

>       t-l       Cf 

t^ 

H 

T* 

<C      ^ 

10      0>      flO      «      « 

oc 

t*    « 

10    CC 

H 

w^ 

H 

O      I' 

JO    .00 

oc 

^    a 

flO      *- 

o    c 

00 

b 

CO      b;      b;      CI 

00 

« 

V 

\    a 

«d    c 

H  •o    6 

*CI 

•CD    •n      bl      C 

'   •00 

>**  On 

o 

Ct      h- 

w     ^ 

0>      t*      CO 

c 

C 

1      CO      (0      C£ 

2     <^ 

« 

o>    c< 

CI      00      A      O      0> 

b 

00    «    r«    a 

w 

t:    o 

H 

n 

^  s 

« 

eq 

00      t-      0>      "f      "f 

A      CO      00      t;      CO 

Jo!^N 

c 

« 

oc 

)      IC 

•  S   ^<^      0» 

•h^  •o    ci    T^ 

•  ^ 

^°t^ 

a 

C( 

O      10      ^    "00      ^ 

C«      0>      10      - 

o 

0      0 

^ 

o 

10      « 

10     o 

00     10      00      c 

fH 

z   z 

O 

to 

ri 

H 

10       H 

*0. 

•      b;      <0      H 

IC 

c 

CC 

)      CC 

00 

liSgS 

« 

03 

« 

I    6    t^    t6 

*a6  •CO    b    ^ 

•ci 

o 

« 

05 

.      00      O      "* 

r^      0)      at 

OE 

o 

o   5 

^ 

H 

IT 

:     H    CO     t» 

e«    CO    00 

H 

"  * 

^ 

r-    IC 

**.      ^ 

;     o     o       : 

a 

IC 

>      H      C 

00 

*»o„o 

0 

^ 

^ 

0)      OC 

i    «     Hi      : 

b 

IC 

■    •©      CI 

.  *d 

p.«'*Jh 

QC 

O      CI 

n      0( 

)    00    (0      : 

b 

oo      0>      10 

JO 

*  o 

CI 

H 

10      CI 

1    10    CO      : 

o    to 

c 

« 

a 

to 

H 

CI 

1- 

1    r-    *- 

^ 

•    a 

1- 

1      Cl 

i    ^'    H»      : 

r« 

^ 

r- 

CC 

H 

CD 

a 

00      b 

>    o    t«      : 

a 

0>      H 

«     CO      1 

3       « 

T^ 

IC 

k; 

>     <D     ^      : 

^      01 

f 

n 

-<;    V) 

cr 

r4      0> 

b 

•    a 

00      C4 

)      <0 

IC 

cr 

0>      H 

cr 

o 

i-r 

OC 

)     o 

If 

a 

!    (0    CI      : 

ti    oc 

cr 

>     b 

V3 

a 

k    a 

00    a 

i     O     9 

00     o>    o>     u 

»^ 

!_ 

»     r 

10     c 

)    t-    -i 

1       : 

^      N      H      0( 

CO 

2  3 

0 

r 

r 

10      b 

•      10     <D      t-i 

b 

ec 

>      O      t-      r- 

10 

SSi?^- 

0 

J     cr 

n      « 

;    CO    (0    id 

CI 

ci    IC 

)    00    a 

id 

^ 

« 

1      09 

to    a 

»    H 

00      0> 

ec 

^     oo     cr 

)      H 

« 

»    £ 

^ 

c^ 

^ 

t- 

.    («    o 

b 

IC 

^ 

CO      « 

00 

•=»   •-» 

00      >♦ 

10 

-< 

(0 

IC 

a 

c 

►      t^      H 

a 

c 

"< 

cr 

C 

10 

&2g« 

a 

r^ 

t^    « 

;  5 

»■ 

'^ 

a 

hi     CO     c 

CC 

6 

on 

« 

ec 

IC 

« 

00      «D 

M 

N    ft 

.H      IC 

X 

2    ^ 

IC 

^ 

cq 

<r 

b 

•     t*      10      "# 

0&     10      10  ''^      « 

00 

o     t* 

o 

IC 

1^ 

c 

c 

^ 

c 

10 

oc 

c 

OC 

0 

oc 

0> 

i 

a 

c 

0 

c 

>      CO      A 

s 

<i 

s 

i 

c 

IC 

CI 

o 

i   2 

o 

ri 

^ 

« 

or 

3 

t»     IC 

10 

oc 

« 

CO      X 

-* 

o 

t4 

S  2 

ec 

« 

w 

1^ 

t- 

c 

>* 

o 

oo 

ec 

cr 

CC 

C4 

t^ 

2    < 

r- 

H 

cc 

(£ 

cq 

oc 

oc 

5 

0 

^ 

b 

CC 

4 

^   1 

IC 

a 

H 

cr 

« 

H 

1*       r- 

c 

QC 

CO 

r 

j^ 

^ 

oe 

a 

oc 

IC 

10 

oc 

IC 

CG 

ec 

« 

2  1 

OC 

0- 

o 

b 

a 

<r 

a 

N 

o 

r' 

QC 

OC 

H 

oo 

oc 

»- 

a 

f- 

cr 

C( 

^ 

r 

r* 

0 

CI 

« 

0> 

e^ 

oc 

o: 

« 

cc 

H 

H 

O 

H* 

H 

M 

Oi 

b- 

10 

&    2 

c 

^ 

>* 

« 

a 

a 

IC 

r» 

OO 

CC 

CC 

CH 

cc 

H 

t- 

« 

OG 

cr 

4 

'< 

^ 

lO 

t- 

CC 

IT 

h 

^ 

Ci 

a 

b 

OO 

t> 

t' 

b 

ci 

n 

ec 

CI 

b 

IC 

CO 

o 

cf 

9 

r> 

b 

C 

M 

^ 

w 

<T 

Is 

r* 

CC 

•* 

^   ^ 

cq 

c 

« 

10    a 

X 

iC 

N 

09 

cc 

CC 

cr 

b- 

rH 

t->   ft, 

«^ 

OC 

r4 

o     « 

•  O  JH 

C 

c^ 

h: 

c 

r^ 

0 

CO 

C4 

CI 

cc 

a 

-* 

10 

m 

^ 

« 

cq 

'■ 

"^ 

a 

^ 

^ 

oc 

CC 

IC 

o 

CO 

?S2 

0) 

« 

cc 

tj 

OC 

01 

05 

10 

r- 

0- 

G 

IC 

^ 

CO 

X     * 

^ 

« 

00 

c 

c 

« 

IC 

t» 

o 

b 

b 

ec 

t- 

CI 

Q     i-n 

_rM 

»H 

tt 

i 

1 
i 

2 

9 

1 

5Z 

e 

a 

c 

c 
c 

^ 

M 

CO 

I 

1 

1 

1 

■u 
■ 

2 

« 

'•S 

^  1 

1 

I 

^i 

0 

a 

« 

c 

c 

> 

P 

X 

^ 

0 

U 

a 

u 

&. 

fr 

X 

ij 

J 

c 

c 

t    a 

X 

b 

Digitized  by  VjOOQIC 


448 


INVESTIGATION  IN  MILK  PRODUCTION. 


S§SJJSg^ 


ei    10    ^    CO    ^'    10    (0    00    eo    ■«*    00    ^'    10    «o 


«0     ^     10     o     o 

»    00  •w  -^ 


eofC«oioc4cti* 
«  •10  •«    -4  900  •t;  •(Q    ^    H  vi^ 

^'      ^'      -«'      ^'      -«      00      00      00      CO      00      ^'      10*     00 


10     S 


w    4 


00      CO      H      00      CO 

a»    o  •aq  •iq    oo 

CO      10      00      00      00 


«0 


'♦     10     t* 

'I    ^    "I 

<D      00      CO 


o    ei    10 


•A   ttiO 

00    00    ■«'    id    « 


00    00    e«    «    n 

•H  vao    9    00  ^o 

-*    00*    4    4    4 


SOO     00     O     00     10     ^ 
t<>    o    (0    e«    «    10 

ci    CO    ^'    CO    10    10    Hf 


H      (D      CI      O      10 

o    ^    ^:    04    M 

•I*      CO*      <^      10      -^ 


2    0    ^    00    CI    ei 
A      10      «0      00      H 
«      CO      CO      ^'      'ji      •♦ 


00      H      «D      00 

O     ^  ftO     o 

id    lo'    00    ^ 


,% 


t^      10 


«      t»      O      H 

00    x>    10    e< 
id    id    id    ^' 


O     H     10     00    00    eo 
o    «    «    ^    e«    CO 

ed    'Ji    '^    «    id    •♦ 


CIOOCOHQOOOOOHHOAM 

^oo«o^«t*ei«>e«»eooo 
CI    id    CO    CO    -♦    •♦    00    00*    00    ■♦*    00    id    ^    eo* 


,_      .«ooot»opoo 
ciaoio<ooo<Dioippci 


«      10      00 

10     ^-     - 
e*    id    CO    ^ 


^      '♦      00 


d    «    c 

10     •     b; 

00      ^      CO      ^'      ^*     A* 


ci    id 


e«    10    (0    (* 

10      O      (0     A 


ooioaoc»n«0«io 
oct^Ht^oqoA 

<4>^'^«>cdodo6^oo^idA 


r«t«'4>coooo>ciocot*e«Heoo 

(D«0C4(0<DC«Or«'#HlOOOO 

CI    «    '^    "^    ^'    id    '^    CO    00    Hf    00    id    id    «o 


cieoaoH«0^oaoooH(«^a>e 
iOHHt^iqocq^HOcoo>o»«} 

!ciid^'4!Hfidooo6oo^co'^^*e6 


r-i-ieoT4C»oooococoHC»«-td>io 

lO«0OT-iCOC»lOC«HCOCO«0OO«} 

ci    <«*    ^    ^*    ^*    ^    00*    CO    00    00    00    <«*    <«    10 


cic«oooaoooe«ood>(«(^ioeoH 

COt^CiaOHIOOOClOt^OOCOODb: 

e{    ^    ^'    00    ^'    ^    CO*    00*    c«    00    CO    '^    <«    cc 


•JO© 

ti.  pu  a 


HI 

J   J   o   a 


8   5  t 


II    H 


Digitized  by  VjOOQIC 


RECORD  OF  THE  HERD  FOR  THE  YEAR  1896. 


449 


5 

I 

I 

I 

I 


I 

s 


0 

n 

'S 

I 


o 


Z 


«    «    r- 

^     Q     O 
03      ^      H 


ci^io«oe«cococ«e«eoio 


t«     10     M 


00      ^ 

p  .^ 


$  s 


eo    o    lo    e«    ^    t« 
ri     ^     10     "     ^ 


Q     Ok      d>     l«      d>     1^ 

«  vrt  ^t^  ,oQ    iq    CO  «iq 

'     oi    ^    t^    •    r«^    « 

lOMoocimcicoioio 


00  « 
CO  -♦ 


O 
•P 


00 

w  «'  c5 


t*   10   ^ 

«   ^   -♦ 


O  «  C«  «0  10 

«I0  «CI  00  OO  ,M 

00  -f  <«  d  00 

00  M  ^  «  <4> 


o 


to     «-t 

5  -* 


00  w  w  00  a  CO  t* 

00   ^   ^   l«,  t^  <D  C«l 

0)   <*   H   H  t"^  00  » 

ei  H  00  H 


CO   <f  o 

o  ^  iq 

(D   H  ^ 

C«  CO 


00  o 
O  CO 
00   O 


00  a 

CO   CO 


e«  j  t*  t^ 

«  «  ,1-1  ^ 
-♦  «'  4    ei 


t4  10  a» 
^  o  « 


^   «   I* 

•^k   A   iH 


O  O  C«  M  O  O 

00  10  ei  «  b;  H 

t^  00  «  ^  t*  ^ 

ei  <1  H  H  H  CO 


10 

CD 

t* 

n 

10 

<D 

r- 

00 

$ 

10 

CI 

c 

CO 

CO 

H 

-* 

H 

H 

A 

« 

10 

w 

H 

H 

0> 

CO 

t* 

H 

6 

CI 

CO 

H 

$ 

S 

s 

00 

H 
CO 

CI 

c« 

s 

s 

& 

o 

(0 

X 

01 

(0 

^ 

•« 

c* 

^ 

^ 

0> 

10 

1^ 

o 

fH 

H» 

w 

go 

t- 

t- 

« 

CO 

1^ 

o 

<0 

« 

00 

10 

« 

Oi 

10 

00 

oi 

H 

^ 

a 

-* 

C0 

H 

•H 

a 

00 

H 

e« 

H 

rH 

^ 

>♦ 

M 

H 

CO 

CI 

CI 

e* 

H 

CO 

C« 

(0 

CD 

(0 

a» 

-♦ 

e« 

CI 

"* 

-♦ 

<D 

H 

0> 

^ 

<♦ 

00 

CO 

^ 

H 

00 

CO 

^ 

r- 

CI 

01 

t* 

« 

CI 

^ 

n 

t* 

r* 

9 

t* 

(D 

^ 

00 

o 

C0 

o 

CD 

CD 

CO 

CO 

H 

H 

-♦ 

-♦ 

CI 

N 

CO 

CO 

CI 

CI 

CI 

^ 

^ 

C4 

« 

(0 

r4 

r- 

CO 

CI 

r- 

(D 

CO 

CI 

OO 

0> 

o 

o 

^ 

O 

'# 

o 

r* 

o 

N 

o 

00 

a 

CI 

10 

(D 

w 

o 

r* 

O 

«^ 

•0 

'f 

00 

r* 

w 

1* 

>« 

t- 

CO 

CO 

01 

H 

10 

10 

CI 

C« 

CO 

c« 

CI 

H 

CO 

^^ 

CllO(O0000C«f-lC« 

fHCio>ooiq(0<p<o 
(ba>co6^a>^'oo 

COCIC«W<*^CIN 


<«  00 

iq  00  H 

00  id  CD  o> 

CI   CI   H  CO 


<D 


0>  (0  ^  H  t^ 

00  00  00  rj  00 

00*  ci  Hk  d  d 

C«  CO  CI  10  " 


H   O   (O   CI   0>   ^   0) 

o  00  00  «  q  0)  b* 

00       ^       d      (0*      t^      <-<      00 
IOCICICOCOCIH^<# 


§ 

H 
CI 

00 
00 

s 

s 

00 

CO 
00 

§ 

5 

00 

H 

on 

o 

$ 

t 

s 

i 

$ 

00 

<D 
10 

5 

10 
CI 

s 

1^ 

CO 

10 

CO 

^ 

00 

S 

S    •«    '•J    c 

O      {3      4«      « 

U    0    tt    fc 


a 


2    2    5 


II 


5   S 


•c 

00    H 


Digitized  by  VjOOQIC 


460 


INVESTIGATION  IN  Mll-K  PRODUCTION 


iS 


s 


I 


I 


! 

o 


•a 

OS 

I 


> 


& 

^ 

c 

or 

a 

« 

(C 

o 

IC 

4 

00 

OC 

01 

cc 

4 

1 

^ 

u: 

c 

CI 

<c 

W 

cq 

OO 

C 

'♦ 

ec 

t- 

r- 

es 

OC 

CI 

oa 

01 

»      CI 

CI 

CI      00 

o 

^ 

Ct 

> 

tN 

TN 

rH 

r- 

H 

r< 

rH 

rH 

< 

(C 

« 

If 

a»    CI 

« 

<4> 

o>    »^    c« 

10 

«      10 

CO 

00 

« 

« 

•  4 

N 

•01 

••* 

♦O 

CI 

•t- 

•o 

•« 

10         »H 

•  00 

H 

M      OC 

CI 

c 

c 

a 

cc 

Cl      00 

0> 

^ 

d 

ri 



r* 

r« 

TH 

TH 

H 

v 

rH 

H 

a 

ic 

4 

a 

u 

o 

o 

c 

0>      ri 

^ 

-* 

CO 

00 

o 

(0 

c 

•to    o 

•c 

•*f 

«o 

tH 

•X    •?! 

•2 

»a 

oa 

•t- 

rH 

» 

OC 

CI 

c 

c 

c 

Ti 

cc 

C< 

00 

0> 

t*       H 

H 

r^ 

^ 

ri 

1H 

H       tH 

r* 

H 

H 

ri 

•H 

r* 

CO      4 

« 

t*     10 

CI 

0>      ^ 

cq 

OO 

H 

0> 

H 

(C 

M3  *x 

Ifl 

oa 

•c 

(0 

ec 

•(C 

•0> 

•-f 

-4 

CO 

•A 

ri 

w     « 

^ 

»      C 

o 

CC 

ec 

« 

00 

0) 

^ 

CI 

n 

ri 

*" 

r* 

rH 

»H 

rH 

rH 

r( 

H 

(C 

CI 

c< 

H       -# 

a 

-4 

f      9      O 

~^ 

CI 

CI 

>« 

O 

<c 

^ 

«f 

CI 

W 

er 

(0 

C 

01 

00 

« 

oo 

« 

H 

ec 

c 

c^ 

01 

a 

a 

OC 

'^ 

CI 

00 

o 

oo 

CI 

'^ 

^ 

•^ 

rH 

T- 

ri 

H 

rH 

H      1 

9 

OC 

H 

OC 

^ 

« 

t- 

O 

10 

00 

1l 

h- 

CQ 

O 

c 

C( 

c 

IC 

c 

C( 

0 

<D      t^ 

>♦ 

oo 

Cl 

»^ 

0) 

^ 

a 

« 

0)    oa 

a 

ec 

ec 

CI 

00 

r4 

^ 

CI 

00      , 

r* 

r- 

r( 

rH 

TH 

H 

tH 

ri 

t^ 

d9 

V] 

03 

CI 

IC 

(0 

«0 

CI 

HI 

00 

cc 

oo 

0> 

oa 

03 

fH 

« 

K 

cq 

t* 

(0 

00 

10 

(0 

w 

CO 

00 

m 

OC 

« 

01 

0) 

03 

CC 

CI 

00 

H 

l>i 

CI 

CO 

Ti 

H 

H 

ri 

H 

tH 

H 

QC 

<4 

r^ 

Oi 

« 

o 

•fl 

o 

c 

o 

CO 

^ 

01 

OQ 

« 

c 

tH 

o 

OC 

t- 

r^ 

OC 

t* 

r< 

cc 

00 

CO 

t* 

ec 

OC 

C4 

oa 

01 

oo 

W 

ta 

CI 

00 

r^ 

t- 

rH 

CO 

1H 

n 

T- 

H 

ri 

tH 

ri 

« 

« 

o 

oa 

«i^ 

CI 

N 

(C 

CI 

C« 

^ 

OC 

10 

"♦ 

OC 

rf 

CI 

t- 

(C 

CC 

IC 

00 

10 

l^ 

oa 

10 

CD 

« 

CH 

«, 

5 

oa 

OC 

a 

CI 

CI 

r^ 

00 

O 

CO 

rH 

CI 

iH 

T* 

rH 

rH 

H 

tH 

H 

« 

fH 

(C 

H 

r- 

H 

CI 

OQ 

C^ 

c* 

CI 

« 

0) 

O 

c< 

05 

c 

oa 

01 

0 

G 

09 

CO 

CO 

r- 

vH 

10 

c 

c 

OC 

fH 

0>      « 

OC 

CI 

- 

00 

o 

CO 

w 

c« 

tH 

H 

H 

v 

rH 

H 

ri 

ri 

^ 

^ 

"4 

r^ 

a 

-"f 

3G 

« 

cq 

to 

e« 

oa 

^ 

CI 

« 

CJ 

o 

o 

« 

c 

OO 

d 

o 

cc 

s 

^ 

« 

r* 

>♦ 

O 

OC 

a 

a 

01 

rH 

CI 

CI 

00 

<c 

H 

CI 

TH 

'^ 

rH 

H 

r' 

H 

rH 

ri 

^ 

OS 

« 

OC 

H 

OO 

oa 

hi 

«0 

» 

cc 

IC 

a 

o 

OC 

OC 

(C 

^ 

o 

h- 

o 

t- 

ec 

C4 

^ 

c 

^ 

CO 

r* 

t- 

oo 

oa 

oa 

H 

CI 

rH 

00 

o 

cc 

w 

Ti 

th 

H 

ri 

rH 

r^ 

ri 

^ 

<4 

M 

IC 

^ 

o 

10 

10 

r^ 

CI 

® 

CD 

CO 

oa 

CD 

OC 

a 

'f 

cc 

« 

t- 

X 

1^ 

w 

a 

t* 

b- 

-* 

CI 

t' 

H 

« 

03 

a 

H 

r* 

ri 

00 

0> 

CO 

O 

rH 

CI 

H 

05 

^ 

c 

OC 

r-    IC 

N 

QC 

ec 

^ 

H 

~« 

o 

r^ 

^ 

« 

tf 

(C 

er 

CC 

1^ 

IC 

^ 

t* 

CO 

^ 

H 

I- 

TH 

OC 

oa 

01 

rH 

H 
r^ 

ri 

00 

o 

"^ 

tH 

W 

r* 

i 

V 

J 

z 

5 

c 
a 
c 

V 

•5 

c 

c 
c 

« 

a 
c 

d 

2 

C 

4- 
t 

6 

J 

si 

0 

4 

t 

c 

X 

I 

V 

% 

0 

U 

0 

t£ 

IL 

&. 

a 

>. 

o 

C« 

V 

v. 

t- 

Digitized  by  VjOOQIC 


RECORD  OF  THE  HERD  FOR  THE  YEAR  1896. 


461 


00 


I 
I 

P 


mi 

I 


I 


01 


T3 
9 
» 


I 

a 

3 


o  *^  « 


4J.OJ4 

o§3 


O     E^ 


o     -^ 


o  o  *» 


U 

< 

z 


'J  H 


«aci<otooo<0a^iO9>c«NKeo 
-g  90 1*  « t^  o  00  <c  eo  scic  c  a  00  n 

'J  r1  H 


•  io«ioo>flOO«®w««)r*oo 
■5Hic»-'oocm«ici>;t''*c^o> 

«  ■*  OC  Ci  -♦  «  ■*"  CO*  IC  «  «'  n'  00  -♦  b-' 

CJMCiiOGO.>ieicQeoc«c4eoMccc( 


CO^HCI^IOmC<COeQCIC<CQiO 


«(DO)CC<OaOlOC«OCOOtOC«C<0> 
^  1^  00 1»«0  KXD  ^^1-"  ?*  «  *  ^ '^ 

oo' -♦"»«?«©  r-*  rt  «"*  5»  ^  00  « 
0>-*©cnciccjcc«r*ooco^  —  ^ 

M  CO  r- N  ^  ^  N  N  W  W  CI  CI  CO -^ 


|*0N»'*O'*"*'*®00OH 
C  O  *-•  0)  (0  O  00  ^  ^Jl  O  C  t«  C  00 

ci  tt  ^  cd -*' lb  CO  « CO  <*' «  ^*  «d  CO 


10  a  00  H 10  CO  ^  O  CO  ^  00  Ci  ®  N 

c«f-«d^r4h^^«>dicc<ci^(b 

rtOO"*-Oi'-OCCClOCO«M 
r^(D<«lO9>X<O<O0Ct^«C(Dn 


©HOOOiCOOOO'^r-ClHCOCCI 

c  r*  CO  CO  o  00  -"ii;  CO  c  i^  « <*  a  i- 
r^  »  r«*  d  -  -'  ci  cd  cd  00  ^  *'  T^  CI 

WH^WClCICICICInClf-iClOO 


?^5 


OS 

•n 


Digitized  by  VjOOQIC 


452  INVESTIGATION  IN  MILK  PRODUCTION. 

The  foregoing  table  gives  a  summary  of  the  record  of 
the  dairy  herd  for  the  year  1896.  The  cost  of  feed  is  what 
it  cost  to  maintain  each  cow  during  thirteen  periods  of  four 
weeks  each,  charging  for  feed  at  average  prices  for  which 
the  grains  and  roughage  fed  were  quoted  at  local  stations, 
and  for  mill  stuffs  at  prices  actually  paid. 

The  average  cost  of  feeding  a  dairy  cow  during  the  year 
was  $22.12;  the  average  yield  of  milk  was  7,454  pounds, 
which  tested  4.02  per  cent,  fat;  the  yield  of  butter  fat  per 
cow  ranged  from  168.89  pounds  to  446.19  pounds,  and 
averaged  299.39  pounds.  The  annual  yield  of  butter  ranged 
from  197.04  pounds  to  520.56  pounds,  and  averaged 
349.29.  The  cost  for  feed  to  produce  a  hundred  pounds  of 
milk  averaged  for  the  year  29.64  cents.  The  greatest  cost 
for  a  pound  of  butter  was  from  Ethel,  being  10.85  cents, 
and  the  least  was  from  Houston,  which  was  4.17  cents. 
The  average  cost  during  the  year  to  produce  a  pound  of 
butter  from  the  herd  was  6  33  cents. 

The  yield  of  milk  was  104,356  pounds,  which  produced 
4,890  pounds  of  butter,  making  one  pound  of  butter  from 
21.34  pounds  of  milk.  Estimating  the  return  to  the  farmer 
at  15  cents  a  pound,  his  receipts  from  the  butter  would  be 
$733.51.  The  valueof  the  skim  milk,  if  judiciously  fed,  would 
be  15  cents  per  hundred  pounds;  and  assuming  that  the 
cream  is  one-eighth  of  the  milk,  he  has  left  91,312  pounds  of 
skim  milk,  which  at  15  cents  a  hundred  brings  $136.97. 
Adding  this  to  the  receipts  for  butter  we  have  a  gross  re- 
turn from  the  14  cows  of  $870.48,  being  a  return  of  $62.29 
per  cow.  Had  he  sold  the  feed  in  the  market  it  would  have 
returned  him  $309.62.  By  marketing  the  feed  through  the 
cows  he  receives  for  it  $870.48,  and  retains  on  the  farm  a 
manurial  value  worth  more  in  dollars  and  cents  than 
the  cost  of  the  labor  required  to  care  for  the  cows  and 
milk.  Deducting  $309.62,  the  value  of  the  feed,  from 
$870.48,  the  value  of  the  dairy  products,  we  have  $560.86 
as  the  net  return  in  one  year  from  the  14  cows,  or  $40.06 
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per  cow.    The  herd  returned  $2.81  worth  of  dairy  products 
for  every  dollar's  worth  of  feed  consumed. 

If  the  herd  is  divided  into  two  groups,  placing  the  spare 
cows  with  deep  bodies  in  the  one,  and  those  that  carry 
superfluous  flesh  in  the  other,  their  comparative  value  for  the 
farmer  as  money  makers  is  forcibly  illustrated.  The  aged 
cow  Countess,  the  cow  Olive,  spare  but  lacking  in  depth  of 
body,  and  the  heifers  Quidee  and  Shortie  are  left  out  for  rea- 
sons heretofore  stated. 


FORTUNB. 


TABLE  LXXXIZ.— Group  I.-  Cows  Spare  and  Angular  with  Deep  Bodies. 


NAMB 

Aver- 
age 
Weight 

Breed 

Cost 

of 

Feed 

Cost  of 
Lba.  of       100 
Milk       Lbs.  of 
Milk 

■    -1  .  .i: 
Lb.,  of  Coetof 

1 

Dtichrss 

860 

968 

926 

1173 

1274 

1038 

Jersey 

Jersey 

$19.71 
21.03 
21.38 
21. 90 
32  72 

'  Ceiist 
6901.9    2ft. ft6 

Cents 
402.22      4.90 

Portmic 

9111  ft 

8797.3 

6364  ft 

11726  2 

23.08 
24  30 
84.40 
27.90 

492  99      4  27 

Houston 

Jcrsey-Gucri.sey 

512.84      4.17 

SwMt  Briar 

371  49      5.90 

Topsy 

Grade  Holstein.. 

520  66      6  29 

Averagre 

23.35 

8580.3    27.21 

460.02|     6  08 

Taking  the  cows  in  the  herd  that  have  deep  bodies 
through  the  middle  and  are  spare  and  angular  in  conforma- 
tion, we  find  that  they  produce  on  an  average  8580.3  pounds 
of  milk  per  year;  that  it  costs,  on  an  average,  27.21  cents  for 


Digitized  by  VjOOQIC 


454 


INVESTIGATION  IN  MILK  PRODUCTION. 


feed  to  produce  100  pounds  of  milk;  that  the  annual  butter 
yield  ranges  from  402.22  to  520.56  pounds,  and  averages 
for  the  group  460.02  pounds.  The  cost  for  feed  to  -produce 
a  pound  of  butter  is  from  6.29  cents  to  4.17  cents,  and 
averages  5.08  cents.  Of  this  group  Houston  cantted  the 
least  flesh  and  Topsy  the  most.  The  degree  of  spareness  of 
the  others  is  fairly  and  accurately  indicated  by  the  cost  of 
production.  Estimating  the  return  for  butter  at  15  cents  a 
pound  and  skimmed  milk  at  15  cents  a  hundred,  we  have  a 
gross  return  per  cow  for  the  year  of  $80.26.  Deducting 
$23.35,  the  cost  of  feed,  we  have  a  net  return  per  cow  of 
$56.91. 


TABLE  XC— Group  II.— Oows  Having  a  Tendency  to  Oarry  8ap«rflnoiiB 

Flesh. 


Avcr- 
NAMB               aKe 
'Weight 

1 

Breed 

Cost 

of 

Feed 

Lbs. 

of 

Milk 

Cost  of 

lOO 

Lbs.  of 

MUk 

Lbs. 

of 

Butter 

Cost  of 

ILb. 
BnUer 

Bthel 

3  203 

9  29 

1230 

1224. 

Orade  Shorthorn 
Grade  Shi)rthorn 
Orade  Shorthorn 
(^ra^le  Shorthorn 
Swiss 

$21.38 
2().39 
2.^.40 
23.31 
23.07 

4099  8 
5844.1 
6714.4 
6556.0 
8030.3 

Cents 
52.15 
34.89 
83.39 
8.n.66 
28.78 

197.04 
271.62 
300.59 
262.99 
822.15 

Cents 
10.85 

Pairv 

7.61 

idaZ........::.::: 

7.46 

LluTfctta  

8.86 

Lydia 

7.16 

Average 

1194 

22.11 

6248.9 

37.8 

270.86 

8.03 
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Taking  the  cows  in  the  herd  that  have  a  tendency  to 
g^ow  flesh,  and  placing  them  in  a  group,  we  find  that  they 
produce  on  an  average,  6248.9  pounds  of  milkinayear;  that 
it  costs,  on  an  average,  37.8  cents  to  produce  a  hundred 
pounds  of  milk;  that  the  annual  butter  yield  ranges 
from  197.15  pounds  to  322.15,  and  averages  for  the 
group  270.86  pounds.  The  cost  for  feed  to  produce  a  pound 
of  butter  was  from  10.85  cents  to  7.16  cents,  and  averaged 
8.02  cents.  Of  the  cows  in  this  group  Ethel  carried  the  most 
flesh  and  Lydia  the  least.  Ethel  was  the  only  cow  in  the 
group  that  leaned  strongly  toward  the  beef  type.  Fairy, 
Ida  and  Liggetta  were  selected  for  their  milking  qualities 
and  fairly  represent  the  ideal  Shorthorn  milker  as  the  record 
shows.  Lydia,  the  Brown  Swiss,  was  a  fair  representative 
of  the  breed,  as  to  general  characteristics,  but  as  to  milking 
qualities  she  stood  above  the  average,  judging  by  her 
conformation.  She  had  a  large  frame  and  heavy  quarters 
as  compared  with  the  size  of  her  middle.  Her  skin  was  ex- 
ceedingly yellow,  but  her  milk  tested  only  3.44  per  cent,  but- 
ter fat. 

Again  estimating  the  return  to  the  farmer  for  butter  at 
15  cents  per  pound  and  skimmed  milk  at  15  cents  per  hun- 
dred pounds,  we  have  a  gross  return  per  coyr  of  $48.83. 
Deducting  $22.11,  the  cost  of  feed,  we  have  a  net  return  of 
$26.72.  The  net  return  from  group  I.  is  112.98  per  cent, 
greater  than  the  net  return  from  group  II. 

During  the  five  years  of  careful  investigation  in  regard 
to  the  cost  of  production  of  butter  between  cows  spare  and 
angular  in  form  and  cows  carrying  considerable  superflous 
tissue,  and  having  an  inherited  or  acquired  disposition  to 
convert  feed  into  flesh,  the  records  show  that  in  every  in- 
stance the  cow  that  carried  the  least  flesh  charged  the  least 
for  butter,  and  just  in  so  much  as  one  cow  was  a  little 
smoother  and  plumper  than  the  other  would  her  butter 
product  cost  more  than  the  other.  It  should  be  borne  in 
mind  that  the  results  are  not  made  from  averages  where 
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sometimes  the  fleshy  cow  produced  butter  at  less,  but  more 
often  at  greater,  cost  than  the  spare  cow;  but  are  from  ac- 
cumulated testimony  showing  not  only  that  every  day, 
every  week,  every  month,  but  during  her  entire  lifetime,  the 
spare  cow  is  the  better.  That  she  should  be  so  much  better 
is  almost  incredible,  strong  and  uniform  as  the  evidence  is. 

The  cows  included  in  the  two  groups  ranked,  with  rrfcr- 
ence  to  the  amount  of  tissue  they  carried  and  cost  of  pro- 
ducing a  pound  of  butter,  as  follows : 

Cents. 

Ethel Grade  Shorthorn 10.85 

Liggetta Grade  Shorthorn 8.86 

Fairy Grade  Shorthorn 7.51 

Ida Grade  Shorthorn 7.45 

Lydia Brown  Swiss 7.15 

Topsy Grade  Holstein 6.29 

Sweet  Briar Guernsey 5.90 

Duchess Jersey 4.90 

Fortune Jersey 4.27 

Houston Jersey-Guernsey 4.17 

The  vital  question  that  confronts  every  dairyman  in  the 
land  is,  where  shall  the  line  between  these  cows  be  drawn? 
And  before  he  makes  the  decision  it  will  be  well  for  him  to 
take  a  few  things  into  consideration;  and  the  first,  and  most 
important,  one  is  the  ruling  price  of  dairy  products.  Ten 
years  ago,  when  the  average  price  of  butter  was  26%  cents 
per  pound,  all  of  the  cows  would  do  creditable  service  in  a 
dairy.  But  when  prices  are  such  that  a  net  return  of  15 
cents  per  pound  is  the  average  that  can  be  expected,  he 
must  guard  closely  the  cost  of  production,  or  the  margin 
between  cost  and  returns  will  be  so  close  that  he  will  be 
forced  to  the  conclusion  that  ^'dairying  doesn't  pay."  It 
follows,  then,  that,  so  far  as  profits  in  the  dairy  are  concerned, 
the  more  closely  he  restricts  his  herd  to  cows  having  the 
typical  dairy  form  the  more  certain  and  greater  the  profits. 
The  man  who  is  content  with  a  net  income  per  cow  for  dairy 
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products  of  from  $15  to  $25  per  year  will  choose  such  cows 
as  are  found  in  group  II.  If  he  aspires  to  a  net  incQmeof  from 
$50  to  $60  per  cow  he  will  choose  such  as  are  in  group  I. 

The  second  point  to  be  considered  is  the  length  of  time 
the  different  types  of  cow  will  do  service  in  the  dairy.  Our 
records  indicate  that  the  cows  having  a  flesh-growing 
heredity,  under  liberal  feeding,  remain  in  the  dairy  only  a  few 
years,  while  the  spare  cows  do  good  service  to  a  ripe  old 
age. 

The  cost  of  feed  is  also  a  matter  of  considerable  impor- 
tance. During  the  year  1896  feed  was  exceedingly  cheap, 
bran  selling  at  $6.50  per  ton,  hay  at  $3  per  ton,  oats  at 
10  to  14  cents  per  bushel  and  barley  at  16  cents.  Had  feed 
ruled  50  per  cent,  higher,  making  the  price  of  bran  $9.75 
per  ton,  hay  $4.50,  oats  21  cents  per  bushel,  barley  24 
cents,  and  other  feed  in  proportion,  the  average  annual  net 
return  from  the  group  of  grade  Shorthorns  would  have  been 
$15.67,  while  the  net  return  from  the  dairy  type  cows 
would  have  been  $40.24,  being  156  per  cent,  greater  than 
the  net  return  from  the  grade  shorthorns  and  the  Swiss 
cow. 
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VARIATION   IN   PRODUCTIVE   CAPACITY  OF   DAIRY 
COWS  AND  COST  OF  PRODUCTION. 

During  the  autumn  of  1891,  a  herd  of  cows  representing 
various  breeds  was  purchased  by  direction  of  the  Regents  ot 
the  University  of  Minnesota,  to  be  used  for  demonstrating 
purposes  in  the  stock  lecture  room  in  the  School  and  College 
of  Agriculture  and  the  Dairy  School,  and  incidentally  in 
experimental  work. 

From  and  after  the  1st  day  of  November,  1S91,  every 
milking  from  each  cow  has  been  weighed  and  tested  separ- 
ately, for  per  cent,  of  fat  content,  and  from  the  beginning  of 
the  year  1893  a  complete  record  has  been  kept  of  the 
amount  and  kind  of  food  consumed  by  each  cow.  The  chemi- 
cal composition  of  the  different  food  stuffs  used  was  obtained 
by  a  complete  analysis  of  each,  and  ruling  market  prices  of 
the  different  foods  were  noted  from  time  to  time.  The 
object  of  the  establishment  of  a  complete  and  permanent 
system  of  records  was  to  obtain  information  on  every  phase 
of  animal  economy  that  circumstances  would  present. 

The  first  report  made  from  the  records  was  published  in 
October,  1894,  as  Bulletin  No.  35,  Minnesota  Experiment 
Station.  The  results  of  the  first  year's  investigation  showed 
that  there  was  a  great  variation  in  the  quantity  of  butter 
fat  given  by  the  different  cows  during  the  year.  The  smallest 
yield  was  216.43  pounds  by  the  grade  Shorthorn  Dido,  at  a 
cost  for  feed  of  $32.13,  being  a  cost  ofl4.8  cents  per  pound  for 
buttter  fat,  and  the  largest  yield  was  407.92  pounds  by  the 
grade  Holstein  Topsy,  at  a  cost  for  feed  of  $42.56,  be- 
ing a  cc3t  of  10.4  cents  per  pound  for  butter  fat.  In  class- 
ifying the  cows  on  a  basis  of  breeds,  it  was  found  that  there 
were  good  and  poor  cows  in  each  class  and  the  same  was 
true  when  classified  upon  a  basis  of  size.  The  cows  were 
then  divided  into  four  classes  or  groups  based  upon  con- 
formation. 
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Group  I.  included  those  of  the  blocky  and  plump  form. 

Group  II.  included  those  having  a  less  marked  tendency 
to  carry  flesh. 

Group  III.  were  spare  and  angular  in  form,  bu£  lacked 
depth  through  the  middle  of  the  body. 

Group  IV.  were  spare  and  angular  and  deep  through  the 
middle  from  center  of  spine  to  navel. 

The  average  pounds  of  butter  fat  yielded,  cost  for  feed, 
and  cost  of  a  pound  of  butter  fat  for  each  of  the  four  groups 
were  as  follows: 


GROUP 

Butter  Pat 
Lbt. 

Cost  for 
Peed 

Coitofl  Lb. 
Batter  Pat 

I 

265 
273 
259 
369 

87.39 
86.00 
86.30 
39.29 

Cents 
14.2 

II 

13  1 

Ill 

IV 

14.0 
11.7 

The  total  yield  of  butter  fat  from  the  first  three  groups 
was  2,669  pounds  at  a  cost  for  feed  of  $366.12,  being  an 
average  of  266.9  pounds  of  butter  fat,  at  an  average  cost  of 
$36.61,  or  13.7  cents  per  pound. 

Group  IV.  gave  on  an  average  359  pounds  of  butter  fat 
at  a  cost  for  feed  of  11.7  cents  per  pound. 

In  determining  the  cost  for  feed  for  the  year  1893  the 
amount  actually  consumed  by  each  cow  during  the  time  she 
was  in  the  bam  was  charged  to  her  account,  but  while  at 
pasture  a  uniform  rate  of  25  cents  per  week  was  charged, 
and,  since  cows  do  not  all  consume  the  same  amount  of  food, 
there  was  an  element  of  uncertainty  in  this  record,  and  to 
ascertain  with  greater  accuracy  the  cost  of  producing  but- 
ter fat  from  the  different  cows  a  summary  was  made  from 
the  records  for  the  winter  1893-94'.  A  careful  record  was 
kept  of  the  amount  and  kind  of  food  taken  by  each  cow, 
and  chemical  analyses  made  of  all  the  feed  stuffs  used.  The 
cost  of  feed  was  calculated  upon  the  same  basis  as  in 
the  yearl}'  feed   record.      Each  milking  was  weighed  and 
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tested  by  the  Babcock  test,  so  the  results  were  actual,  as  no 
estimates  were  resorted  to  in  any  part  of  the  work. 

The  following  is  a  summary  of  the  results  obtained  dur- 
ing the  winter  of  1893-94 : 


NAMB 

Dry 

Matter 

Consumed 

Dry 
Matter 
Per  Day 

Dry  Mat-l 

ter  per    \    Butter 
1000  lbs.          Pat 
Lire             Lbs. 

Weigrht 

Dry 
Matter 
for  1  lb. 
Butter 

Pat 

Cost 
of  lib. 
Batter 

Pat 

Annie 

3095.63 
2864.41 
3772.88 
3823.37 
3456.82 
3452.24 
2771.59 
2863.97 
3565.21 
3884.53 
3222.39 
8647.05 
8411.08 
2890.74 
8823  92 
2213.99 
3196.09 
4043.03 
4469  19 
4483.09 
4005.00 
3373.37 

20.37 
23.67 
24.60 

26.80 
25.16 
22  n  J. 

142.78 
143.37 
177.19 
136.75 
111.26 
106.88 
160.26 
88.21 
165.55 
192.69 
112.91 
163.55 
153.18 
136.47 
156.44 
103.56 
127.23 
184.56 
154.45 
194.45 
199.88 

21.68 
25.08 
21.29 
24.30 
31.05 
32.36 
18.44 
32.47 
21.63 
20.16 
28.58 
23  75 
22.27 
21.18 
24.44 
21.37 
25.12 
21.91 
28.94 
23.06 
20.04 

12.8 

Beckley 

14.3 

Bess 

12.3 

Bettie 

18.36     ,       23.33 
19.09            21. 1« 

13.8 

Clara 

17.8 

Dido 

18.76 
19.52 
18.97 
19.70 
25.73 
21.34 
20.15 
18.85 
19.14 
21.10 
19.76 
17.66 
22.34 
24.69 
24.77 
28.17 
24.45 

14.61 
22.33 
16.41 
23.20 
28.24 
22.09 
23.59 
22.20 
24.82 
21.02 
17.87 
16.75 
23.52 
19.96 
25.65 
20.91 
26.46 

18.2 

Dora 

11.1 

PancT 

18.1 

Gertie 

12.3 

Houston 

Jennie 

10.8 
16.6 

Olire 

13.4 

Patsy 

12.6 

Pride 

Reddle 

Kose 

12.6 
13.8 
12.9 

Rossie 

14.6 

Roxy 

12.4 

Stillv 

16.4 

Sweet    BHar 

Topsy 

12.8 
12.0 

Trlcksey 

161.56            20.8S 

11.4 

The  summary  of  the  work  done  during  the  winter 
showed  a  remarkable  variation  in  the  productive  capacity  of 
the  different  cows  in  the  herd ;  the  cost  for  food  per  pound 
of  butter  fat  with  Houston  being  10.8  cents,  while  Dido 
charged  18.2  cents,  being  over  68  per  cent,  greater.  The 
butter  fat  from  the  grade  shorthorn  Rose  cost  12.9  cents, 
while  that  from  the  grade  shorthorn  Sully  cost  16.4  cents. 
The  cost  of  butter  fat  from  the  Jersey  Beckley  cost  14.3 
cents  per  pound,  while  that  from  the  Jersey  Dora  cost  11.1 
cents.  The  Holstein  Bess  produced  butter  fat  for  12.3  cents, 
while  the  Holstein  Jennie  charged  16.6  cents. 

The  cows  were  again  arranged  in  four  groups,  based  on 
conformation,  assigning  the  beefy  cows  to  the  first,  those 
less  inclined  to  flesh  to  the  second,  the  spare  cows  lacking 
depth  of  body  to  the  third,  and  the  spare  cows  with  depth 
bodies,  to  the  fourth,  with  the  following  result : 
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Group  I. 

Dido 
—Beef  Type,  Blooky  and  Pltmip. 

NAMB 

4J 

ft 

Breed 

Lbs.  Dry  Mat- 
ter per    Day 
ppr  1000  lbs. 
Live  WcifiTht 

V.  W  g 

3^« 

32.47 
32.36 
28.94 

III 

|§S 

3*» 

'o 

it 

Paocy 

1256 
1245 
1219 

Polled  Angus 

Shorthorn 

15.41 
14.61 
19.96 

3.08 
3.09 
3.45 

Cents 
18.1 

Dido 

18.2 

Sally 

Shorthorn 

16.4 

jl^YeraflTC... • 

12401 

16.66 

31.25 

3.20 

17.5 

The  illustrations  are  given  to  show  the  general  confor- 
mation of  the  cows  assigned  to  each  group.  Those  in 
group  I.  had  a  strong  tendency  to  lay  on  flesh.  This  was 
especially  the  case  with  Fancy  and  Dido  that  were  blocky 
and  well  rounded,  having  a  level  top  and  bottom  line;  full 
in  crops  and  thighs.  Sully  was  less  blocky  in  lorm  and  was 
less  inclined  to  lay  on  flesh;  wshe  was  lighter  in  the  fore 
quarters  than  the  others  in  the  group,  but  carried  very 
heavy  hind  quarters  with  straight  rear  line  of  thighs.  The 
group  returned  3.20  pounds  of  butter  fat  per  100  pounds  of 
dry  matter  consumed,  a  pound  of  butter  fat  costing  17.5 
cents.  During  the  year  their  average  yield  was  6,384  pounds 
of  milk  and  309  pounds  of  butter. 
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Bbcklby. 


Gromp  II.— Oows  Havlnff  Less  Tendemoy  to  liay  on 

Flesh. 

NAMB 

Breed 

Lbs.  Dry  Mat- 
ter per    Day 
per  1000  lbs. 
Live  Weight 

5SS 

3*» 

0 

a 

w.  U 

Beckley 

942 

909 

1027 

903 

Grade  Jersey 

Grade  Jersey 

Grade  Guernsey.. 
Grade  Jersey 

25.16 
21.16 
21.02 
16.75 

21.02 

25.08 
31.05 
24.44 
26.12 

3.98 
3.22 
4.09 
3.98 

Cesti 
14.3 

Clara 

17.8 

Reddie 

13  8 

Rossic 

14.6 

Average 

945 

26.42 

3.82 

15.1 

The  cows  in  group  IF.  are  ordinarily  classed  as  fair 
dairy  cows,  but  show  a  well  defined  tendency  to  carry  a 
superfluous  amount  of  flesh.  Their  hips,  shoulders  and  sides 
are  only  medium  in  smoothness.  This  group  returned  3.82 
pounds  of  butter  fat  for  each  hundred  weight  of  dry  matter, 
and  the  food  cost  of  a  pound  of  butter  fat  was  15.1  cents. 
The  annual  yield  of  milk  from  this  group  was  5,467  pounds, 
and  of  butter  320  pounds. 
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Bbttib. 


Group  HL— Cows  Spara  and  An^alar  in  Form,  but  Laoklnir  Depth. 


NAME 

1 

Breed 

Lba.  Dry  Mat- 
ter per    Day 
Or  1000  Iba. 
ve  Weight 

pi 

til 

5S 

Jennie 

1020 
802 
805 

Grade  Holatein... 
Gtiemsey 

22.09 
23.33 
23.69 

28.58 
24.30 
23.75 

3.49 
4.12 
4.21 

Cents 
16  6 

Bettie 

13.8 

Olive 

Gr^de  Guernsey .. 

13.4 

ATtrtLgt 

875 

28.00 

25.54 

3.94 

14.6 

The  cows  assigned  to  group  III.  were  spare  and  angular 
but  lacked  in  depth  of  body.  This  style  of  cow  is  a  light 
feeder  and  has  a  restless  disposition.  She  is  generally 
described  as  being  '* leggy,"  but  such  term  is  not  appropri- 
ate, since  she  has  no  more  legs  than  have  the  cows  in  the 
other  groups,  neither  are  her  legs  any  longer.  Her  body  is 
relatively  far  from  the  ground  because  she  is  not  as  deep 
from  top  to  bottom  line  as  are  the  cows  in  the  other  groups. 
The  cows  in  group  III.  returned  3.94  pounds  of  butter  fat 
for  each  hundred  weight  of  dry  matter  consumed,  a  pound 
of  butter  fat  costing  14.6  cents.  Their  average  yield  for  the 
year  was  5,686  pounds  of  milk  and  303  pounds  of  butter. 
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DOKA. 

Group  ly.— <3ows  Spare  and  Anrnlar,  with  Deep  Bodies. 


NAMB 


Breed 


ts§| 


B  W  0 

5«« 


43  43 


VO 


1^ 


•♦*•♦« 

SB 


Annie 

Bess 

Dora 

Gertie 

Houston 

Patsy 

Pride 

Rose 

Roxy 

Sweet  tartar.. 

Topsy 

Tricksey 


Je"cy 

Holstein 

Jersey 

Grade  Jersey 

Jersey-Guernsey.. 

Grade  Jersey 

Jersey 

Shorthorn 

Grade  Jersey 

Guernsey 

Grade  Holstein... 
Guernsey 


25.80 
22.04 
22.33 
23.20 
28.24 
22.20 
2482 
17.87 
23.52 
25.65 
20.91 
26.46 


21.68 
21.29 
18.44 
21.63 
20.16 
22.27 
21.18 
2J.37 
21.91 
23.06 
20.04 
20.88 


4.61 
4.69 
5.42 
4.64 
4.96 
4.49 
4.72 
4.67 
4.56 
433 
4.99 
4.78 


Cents 
12.8 
12.3 
11. 1 
12.3 
10.8 
12.6 
12.6 
12.9 
12.4 
12.8 
12.0 
11.4 


Average. 


23.58         21.16 


4.73       12.1 


The  cows  in  group  IV.  embraced  all  the  other  members 
of  the  herd  except  the  heifer  Nora,  that  was  not  classified 
because  she  made  considerable  growth  during  the  year. 
They  were  all  spare,  carried  a  large  middle  piece  and  were 
excellent  feeders,  consuming  more  food  in  proportion  to  their 
live  weight  than  did  the  cows  in  the  other  groups.  The  cows 
in  group  IV.  returned  4.72  pounds  of  butter  fat  for  each 
hundred  pounds  of  dry  matter  consumed,  a  pound  of  butter 
fat  costing  12.1  cents.  Their  average  yield  for  the  year  was 
7,108  pounds  of  milk  and  391  pounds  of  butter. 
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It  appeared  from  a  sttmmarj  of  this  work  that  the  cost 
of  producing  butter  depended  more  upon  the  type  of  cow 
than  upon  breed  or  size;  there  being  less  variation  in  cost  of 
production  between  cows  of  a  certain  type  than  was  found 
among  cows  of  the  same  breed. 

Averages  of  the  Fotur  Oroups. 


GROUP 

Dry  Matter 
Baten    per 
Day 

Dry  Matter 
per  1,000 
lbs.  Live 
Weight 

S'2 

hi 

at 

I 

20.81 
20.37 
19.95 
21.86 

16.66 
21.02 
23.00 
23.58 

31.25 
26.42 
25.54 
21.15 

3.20 
3.78 
3.91 
4.72 

^  Cents 
17.5 

n 

16.1 

Ill 

14.6 

IV 

12.1 

It  appeared  from  the  foregoing  summary  that  cows  varied 
greatly  both  in  regard  to  yield  and  cost  of  dairy  products, 
and  that  thechief  cause  of  this  variation  was  due  to  difference 
in  conformation.  Clearly  defined  as  was  this  experiment,  it 
was  deemed  advisable  to  carry  on  this  investigation  to  see  if 
future  results  would  show  such  a  marked  difference  as  was 
the  case  in  the  first  report.  There  was,  however,  so  much 
unusual  disturbance  in  the  herd  during  the  year  1894  that 
the  data  obtained  were  not  considered  of  sufiBcient  value  to 
use  in  this  part  of  the  work.  But  the  record  of  the  herd  for 
1895,  which  is  given  in  full  in  this  bulletin,  shows  that  the 
spare  cows  having  deep  bodies  yielded  on  an  average 445.97 
pounds  of  butter  during  the  year,  that  the  average  cost  for 
feed  for  the  year  was  $30.82  per  cow,  and  that  it  cost  for 
feed  f>.9  cents  to  produce  a  pound  of  butter,  while  the  cows 
that  carried  considerable  flesh  yielded,  on  an  average,  303 
pounds  of  butter  at  an  annual  cost  for  feed  of  $28.21,  being 
9.3  cents  per  pound.  The  spare  cows  consumed  on  an  aver- 
age $2.61  worth  of  feed  more  than  did  the  cows  of  the  fleshy 
type,  and  yielded  on  an  average  143  pounds  more  butter. 
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•  It  is  evident  that  the  dairy  type  cows  could  not  produce 
that  amount  of  butter  from  $2.61  worth  of  extra  feed,  and 
that  there  must  be  some  other  cause  for  their  greater  pro- 
ductive powers. 

The  record  of  the  herd  for  the  year  1896  shows  that  it 
cost  on  an  average  $22.12  for  feed;  that  the  average  yield 
was  349.29  pounds  of  butter  at  a  cost  of  6.33  cents  per 
pound.  Again  dividing  the  herd  into  two  groups,  placing 
the  spare  cows  with  deep  bodies  in  the  one  and  those  hav- 
ing more  or  less  tendency  to  smoothness  in  the  other,  it  was 
found  that  the  group  of  spare  cows  consumed  on  an  average 
$23.35  worth  of  feed,  and  gave,  on  an  average,  460  pounds 
of  butter,  costing  for  fieed  5  cents  per  pound.  The  group  of 
cows  having  heavy  quarters  and  being  rather  smooth  in 
contour  consumed,  on  an  average,  $22  11  worth  of  feed, 
yielded  270  pounds  of  butter,  costing  for  feed  8  cents  per 
pound,  or  60  per  cent,  more  than  the  cost  of  butter  from 
the  spare  cows.  The  spare  cows  consumed  during  the  year, 
on  an  average,  $1.24  worth  more  feed,  gave  190  pounds 
more  butter  at  a  cost  of  3  cents  less  per  pound.  The  blocky 
type  cow  returned  an  average  of  $26.72  over  the  cost  of 
feed,  while  the  group  of  spare  cows  returned,  on  an  average, 
$56.91  over  cost  of  keep,  being  a  net  return  of  112.98  per 
cent,  greater  than  the  net  return  from  the  group  of  fleshy 
cows. 

During  the  winter  1895-96  when  the  cows  were  being 
stall  fed,  all  the  feed  was  weighed  to  them,  and  chemical 
analyses  made  of  all  the  feed  stuffs  used.  It  was  again  found 
that  there  was  a  great  variation  in  the  amount  of  dry  mat- 
ter consumed  by  the  different  cows  per  pound  of  butter  fat 
produced,  the  variation  ranging  from  14.76  pounds  by 
Houston  to  30.26  pounds  by  the  grade  shorthorn  Ida,  and 
that  none  of  the  mature,  spare,  deep-bodied  cows  required 
as  much  as  22  pounds  of  dry  matter  to  1  pound  of  butter 
fat,  while  all  the  smooth,  heavy-quartered  cows  required 
more  than  24  pounds. 
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With  a  view  of  ascertaining,  if  possible,  the  reason  why 
cows  differ  in  productive  capacity  and  cost  of  production, 
a  record  was  compiled  showing  the  amount  of  dry  matter 
consumed  and  butter  fat  produced  by  each  cow  from  the 
:  0th  of  December  to  the  4th  of  May,  1896,  when  the  herd 
was  turned  to  pasture.  The  time  selected  is  one  when  cows, 
fresh  in  the  fall  and  early  winter,  come  nearest  to  doing 
normal  work,  because  then  there  is  the  least  disturbance 
from  exterior  influences. 


TABI<B  XOI.— ShowiniT  Founds  of  Dry  Matter  Oonsomed,  Butter  Fat 
Prodnoed,  aad  Dry  Matter  Beqaired  to  i  Found  of  Batter  Fat  by  Bach 
Oow  DoriniT  a  Period  of  18  Weeks,  Bndinff  May  8,  1808. 


NAMB 

Breed 

Dry  Matter 
Consumed 

Butter  Pat 
Lbs. 

Dry  Matter 

to  1  lb. 
Butter  Fat 

Belle 

Grade  Shorthom 

Jersey 

3236 
2781 
2905 
2744 
3247 
2926 
3039 
3341 
3400 
2579 
2996 
3389 
4514 
2847 

114 
120 
111 

89 
199 
193 

95 
118 
130 
117 
101 
147 
190 
133 

28.38 
33.17 

Dnehets 

Bthel 

Grade  Shorthom 

Grade  Shorthom 

Jersey 

26  17 

Fairy 

30  83 

Portnne 

16.31 

Hotttton 

Jer8ey-G«em»ey 

Grade  Shorthom 

Grade  Holttein 

15  16 

Ida 

31  98 

LfOU 

28.31 

Lydia 

Swiss 

26.15 

Olive. 

Grade  Guernsey 

Holstein 

Guernsey 

22.04 

Qaidee 

28  67 

Sweet  Briar 

23.06 

Xopsy 

Grade  Holstein 

23.75 

Tricksey 

Guernsey 

21.40   • 

In  examining  the  record  it  appears  that  there  was  a 
great  variation  in  the  amount  of  dry  matter  consumed  and 
pounds  of  butter  fat  yielded  by  the  different  cows  during  the 
period  of  18  weeks.  Olive  consumed  only  2,579  pounds  of 
dry  matter,  while  Topsy  took  4',514.  The  grade  shorthom 
Fairy  yielded  only  89  pounds  of  butter  fat,  while  Fortune 
yielded  199  pounds.  Houston  returned  a  pound  of  butter 
fat  for  every  15.16  pounds  of  dry  matter  consumed,  while 
Ida  consumed  31.98  pounds  of  dry  matter  for  every  pound 
of  butter  fat.  The  wide  range  in  butter  fat  yielded  by  the 
different  cows  and  dry  matter  required  to  produce  a  pound 
of  butter  fat  shows  that  there  must  be  one  or  more  potent 
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factors  bearing  upon  the  productive  powers  and  upon  the 
economy  of  production  of  the  cow  in  the  dairy. 

In  preliminary  trials  in  an  experiment  to  determine  the 
amount  of  dry  matter  required  for  food  of  maintenance  by 
barren  cows  differing  in  size  and  disposition,  it  was  found 
that  it  required  from  10.84  to  12  pounds  of  dry  matter 
daily  for  food  of  maintenance  per  thousand  pounds  of  live 
weight.  The  cow  requiring  at  the  rate  of  12  pounds  of  dry 
matter  per  day  per  thousand  pounds  live  weight  was  of  a 
restless  and  discontented  disposition,  and  weighed  708 
pounds;  while  the  one  requiring  at  the  rate  of  10.84  pounds 
of  dry  matter  daily  per  thousand  pounds  live  weight  was  of 
a  quiet  and  contented  disposition,  weighing  1,079  pounds 
and  carrying  relatively  more  fat  than  did  the  small  cow, 
which  indicates  that  disposition  and  size,  and  possibly  degree 
of  fatness,  have  a  bearing  on  the  amount  of  food  required  for 
bodily  maintenance. 

So  it  follows  that  in  hypothecating  a  common  factor  as 
food  of  maintenance  there  may  be  introduced  an  element  ol 
error.  Such,  however,  is  the  case,  to  a  limited  extent,  in  all 
calculations  bearing  on  animal  economy.  No  hard  and  fast 
rule  will  fit  each  case  exactly. 

The  calculations  in  the  following  table  are  based  on  the 
assumption  that  each  cow  requires  12  pounds  of  dry  matter 
daily  per  thousand  pounds  live  weight,  for  food  of  mainten- 
ance on  the  ration  fed.  Deducting  the  calculated  amount 
required  by  each  cow  for  body  maintenance,  the  remainder 
is  the  amount  each  one  has  available  for  the  energy  required 
to  digest  that  portion  of  her  ration  taken  over  and  above 
her  bodily  needs  and  that  available  for  product. 


Digitized  by  VjOOQIC 


VARIATION  IN  PRODUCTIVE  CAPACITY. 


469 


TABLB  XOH.—GKTins  Welirht  of  Each  Oow,  Dry  Matter  Oonsumed,  Dry 
ICattar  Needed  for  Bodily  Maintenance,  at  the  Bate  of  12  Pounds 
Daily  and  Thoueand  Pounds  I<iTe  Weight,  and  Dry  Matter  Oonsumed 
per  Pound  of  Butter  Fat  Produced. 


NAME 

Dry  Matter 
Available 
for  Product 

Butter  Pat 
Yielded 

|25 

Belle 

996 

802 

1170 

887 

946 

912 

1175 

1239 

1176 

829 

1014 

1097 

1201 

863 

3236 
2781 
2906 
2744 
3247 
2926 
8089 
3341 
3400 
2579 
2996 
3389 
4514 
2847 

1506 
1213 
1769 
1341 
1430 
1379 
1777 
1873 
1778 
1253 
1533 
1659 
1816 
1305 

1730 
1568 
1136 
1403 
1817 
1547 
1262 
1468 
1622 
1326 
1463 
1780 
2698 
1542 

114 

120 
111 

89 
199 
193 

95 
118 
130 
117 
101 
147 
190 
133 

15.17 

Dachest 

13.06 

Ethel 

10.23 

Pair  J 

15.76 

Portnne 

9.13 

HQUg^OlI 

8.02 

Ida V 

13.28 

Loo 

12  44 

Lydia 

12.47 

OliTe 

11.38 

Qtiidee 

14.48 

Sweet  Briar 

11.76 

Topsy 

14.20 

Xricksey 

11.58 

Upon  this  basis  Houston  returned  a  pound  of  butter  fat 
for  every  8.02  pounds  of  dry  matter,  while  Ida  required 
13.28  pounds  and  Belle  15.17  pounds,  or  7.15  pounds  of  dry 
matter  more  per  pound  of  butter  fat  produced  than  was 
required  by  Houston.  By  deducting  the  calculated  amount 
required  by  each  cow  for  food  of  maintenance  the  range  of 
variation  of  the  amount  of  dry  matter  required  to  one 
pound  of  butter  fat  is  reduced  from  16.82  pounds  to  7.15 
pounds,  showing  that  one  of  the  chief  causes  of  the  difference 
in  the  productive  powers  of  cows  is  the  difference  in  the 
proportion  of  food  required  forbodily  maintenance,  and  that 
available  for  product.  But  after  making  due  allowance  for 
food  of  support  it  appears  that  Fairy  yielded  one  pound  of 
butterfat  for  every  15.76  pounds  of  the  dry  matter  available 
for  dairy  products,  while  Fortune  returned  a  pound  of  butter 
fat  for  every  9.13  pounds,  showing  that  for  each  pound  of 
butter  fat  produced  Fairy  used  6.63  pounds  of  dry  matter  to 
some  purpose  other  than  milk  production.  Similar,  but  vary- 
ing, results  are  found  with  the  other  cows  listed  in  the  table. 

Upon  examination  of  the  weighing  record  it  was  found 
that  nearly  all  the  cows  gained  in  weight  during  the  period 
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covered  by  the  tables.  The  gain  actually  made  by  each 
could,  however,  be  determined  only  approximately  because 
of  the  variation  in  the  weekly  weighings.  Two  cows. 
Fortune  and  Houston,  made  no  gain,  while  the  others  gained 
from  20  to  80  pounds.  The  character  of  the  gain  made  by 
different  cows  varied,  as  some  were  in  calf,  and  others  were 
not;  some  young  cows  made  considerable  growth,  while  the 
gain  made  by  some  of  the  mature  ones  included  foetal  growth, 
with  others  it  did  not.  The  cows  Belle,  Ethel  and  Houston 
were  not  in  calf,  and  the  heifer  Quidee  made  rapid  growth 
during  the  winter.  All  the  other  cows  in  the  list  were,  as 
far  as  known,  under  normal  condition.  They  were  on  full 
feed  and  the  amount  each  cqw  could  eat  was  determined  in 
the  early  part  of  the  winter  and  a  fixed  ratio  of  grain  to 
roughage  was  maintained.  Taking  the  gain  in  weight  made 
by  each  cow  and  the  butter  fat  yielded  as  a  **Total  Pro- 
duct" the  dry  matter  required  for  a  pound  of  product  is 
calculated  in  the  following  table: 


TABLB  XOm.— ShowiniT  Ponnds  of  Dry  Katter  Consumed  by  Xach  Oow, 
Oalonlated  Dry  Matter  Needed  for  Food  of  Support,  Dry  Katter  Avail- 
able for  Product,  Tield  of  Butter  Fat,  d-ain  in  Weiffht,  and  Dry  Xatter 
Consumed  to  One  Pound  of  Product. 


NAME 


22 


^' 


f!^o 

Total  Pkodcct  1 

t^"^  ** 

Dry  Ma 

Needed 
Pood 
Suppor 

1606 

1730 

114 

25 

1213 

1568 

120 

47 

1769 

1136 

111 

25 

1341 

1403 

89 

60 

1430 
1379 
1777 

1817 
1547 
1262 

199 

193 

95 

60 

1873 

1468 

118 

62 

1778 

1622 

130 

40 

1253 

1326 

117 

20 

1533 

1463 

101 

80 

1659 

1730 

147 

55 

1816 

2698 

190 

60 

1306 

1542 

133 

40 

So 


BcUe 

Duchevs 

Ethel 

Fairy 

Portttne 

Houston 

Ida 

Lot! 

Lydia 

Olive 

guidee 
weet  Briar. 

Topsy 

Trfcksey 


3236 
2781 
2905 
2744 
3247 
2926 
3039 
3341 
3400 
2579 
2996 
3389 
4514 
2847 


12.45 
9.39 
8.35 
9.42 
9.13 
8.02 
8.14 
8.16 
9.54 
9.68 
8.08 
8.56 

10.79 
8.91 


The  table  shows  that  by  making  the  allowance  stated 
for  food  of  maintenance  and  calculating  that  it  requires  as 


Digitized  by  VjOOQIC 


VARIATION  IN  PRODUCTIVE  CAPACITY.  471 

much  dry  matter  to  produce  a  pound  of  gain  in  a  cow  while 
giving  milk  as  it  does  to  produce  a  pound  of  butter  fat,  the 
range  of  variation  as  to  the  amount  of  dry  matter  required 
by  the  different  cows  to  a  pound  of  product  is  from  8.08 
pounds  by  Quidee,  to  9.68  by  Olive,  or  1.6  pounds,  with  the 
exception  of  Topsy,  and  Belle  that  required  10.79  and  12.45 
respectively ;  and  that  the  chief  factors  that  determine  the 
adaptability  of  a  cow  for  dairy  work  appear  to  be  her  feed- 
ing capacity,  the  proportion  of  her  food  needed  for  body 
maintenance  and  the  disposition  made  of  the  nutrients 
available  for  product. 

OBSERVATIONS. 

It  was  not  expected  that  absolutely  correct  results 
would  be  obtained  in  every  case  by  a  hypothetical 
statement,  even  if  it  were  in  a  general  way  correct,  because 
animals  differ  in  efficiency  of  digestion ;  neither  is  it  probable 
that  all  cows  require  food  of  support  at  exactly  the  same 
rate,  on  account  of  difference  in  temperament  as  well  as  in 
power  of  assimilation.  But  these  differences,  as  appears 
from  the  last  table,  are  minor  matters. 

The  greatest  variation  from  the  average  amount  of  dry 
matter  required  for  a  pound  of  product  was  by  the  grade 
shorthorn  Belle,  that  took  12.45  pounds,  and  Topsy,  that 
required  10.79  pounds.  Why  these  two  cows  required  more 
than  did  the  other  members  of  the  herd  is  a  matter  which 
cannot  be  definitely  determined.  But  it  so  happened  that 
Belle  was  employed  16  consecutive  weeks  in  an  experiment 
on  food  of  maintenance,  and  gained  on  an  average  .2  of  a 
pound  per  day  on  a  ration  containing  only  11.7  pounds  of 
dry  matter,  when  her  average  weight  was  1,079  pounds, 
being  at  the  rate  of  10.84  pounds  daily  and  thousand  pounds 
live  weight.  So  it  is  not  probable  that  she  required  more  for 
food  of  support  than  the  amount  calculated.  Nor  can  it  be 
attributed  to  poor  digestion,  for  she  was  employed  in  nu- 
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merous  trials  determining  the  digestibility  of  various  food 
stuffs  and  the  data  obtained  show  she  had  good  digestion, 
though  not  the  best. 

The  methods  of  feeding  were  based  upon  the  idea  that  a 
cow  well  and  regularly  fed  throughout  the  year  and  from 
year  to  year  would  eat  no  more  than  she  actually  needed, 
and  that  such  liberal  feeding  would  develop  both  her  feeding 
and  digesting  powers.  But  in  examining  the  table  with 
reference  to  the  amount  of  dry  matter  required  by  the  differ- 
ent cows  for  a  pound  of  product,  after  deducting  that  re- 
quired for  maintenance,  it  appears  that  those  that  consumed 
relatively  a  large  ration  used  nine  pounds  or  over  of  dry 
matter;  while  those  that  required  less  than  nine  pounds  con- 
sumed relatively  a  small  ration,  which  indicates  that  some 
cows  will  eat,  and  apparently  relish,  a  larger  ration  than 
they  can  digest  and  assimilate. 

During  the  eighteen  weeks  covered  by  the  table,  Belle  ate 
on  an  average  25.68  pounds  of  dry  matter  daily,  being  at  the 
rate  of  25.78  pounds  per  thousand  pounds  live  weight,  and 
returned  a  pound  of  product  for  every  12.45  pounds  of  dry 
matter.  By  referring  to  the  following  table  giving  her  re- 
cord for  sixteen  weeks  ending  May  5,  1895,  it  is  shown 
that  she  ate  daily  23  38  pounds  of  dry  matter,  which  was 
at  the  rate  of  20.88  pounds  per  thousand  pounds  live  weight. 
It  appears  therefore  that  during  the  year  she  had  acquired 
the  habit  of  taking  more  feed  than  she  could  digest  and 
assimilate.  It  is,  however,  not  safe  to  arrive  at  any  conclu- 
sion until  all  conditions  bearing  upon  the  subject  areknown, 
as  will  appear  from  the  table  following : 
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PSIDB. 


TABI<B  XOrV.— OiviniT  Summary  of  BesnltB  Obtained  from  December 
81, 1804,  to  Kay  6.  1896. 


U     ^4     J** 

Total  Product 

t's 

>JAMB 

5^ 

Beckley  2 

849 

977 

1173 

892 

1088 

909 

1108 

1073 

916 

793 

815 

865 

756 

1068 

1157 

747 

2604 
2338 
3647 
1751 
1846 
3101 
3H64 
3519 
2758 
2607 
2588 
2909 
2669 
3430 
3985 
2534 

20.66 
20.88 
28.94 
22.74 
23.g7 
24.61 
26.70 
27.93 
21.88 
20.69 
20.54 
23.09 
21.18 
27.22 
31.62 
20.11 

24.33 
22.05 
24.67 
25.49 
22.13 
27.07 
24.10 
26.03 
23.89 
26  09 
26.20 
26.69 
28.02 
25.48 
27.33 
26.92 

1284 
1273 
1774 
874 
1001 
1375 
1675 
1622 
1385 
1199 
1232 
1308 
1143 
1615 
1749 
1129 

1320 
1065 
1873 
877 
845 
1726 
1689 
1897 
1373 
1408 
1366 
1601 
1526 
1815 
2236 
1405 
24.012 

94 

90 
136 

68 

86 
169 
154 
129 

60 
117 

66 
113 

97 
178 
193 
108 

28 

16 

6 

26 

10.80 

•Belle 

10.12 

CottnteM 

13.27 

♦Dora 

9.47 

•Ethel. 

9.84 

Hunston 

"40  ■ 
86 

10.23 

Lou 

10.98 

Lydia 

11.26 

Nora 

9.39 

Olive 

12.06 

Pride 

42 
38 
51 

12.66 

Quidee 

10.63 

Reddy 

10.32 

Sweet  Briar 

10.19 

Topsy 

11.66 

Trick8ey2 

32 

10.00 

- 

1858 

363 

10.81 

•  Belle'8  record  is  for  16  weeks,  Dora's  and  Bthel's  for  11  weeks, 
are  for  18  weeks. 


All  the  rest 


Pride,  though  a  high  type  dairy  cow,  failed  after  the 
year  1893  to  make  adequate  return  for  food  consumed,  and 
as  appears  from  the  last  table  required  more  dry  matter  per 
pound  of  product  than  any  other  cow  except  Countess.  The 
cause  of  this  failure,  however,  was  not  discovered  until  after 
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her  death,  which  was  at  the  close  of  her  twelfth  year,  when 
quite  a  large  number  of  wire  nails  were  found  in  her  stomach. 
Olive's  record  in  both  the  foregoing  tables  indicates  either 
that  her  digestion  was  impaired  from  some  similar  cause, 
or  that  she  took  more  food  than  she  could  use  economically, 
but  unfortunately  no  examination  was  made  of  her  digest- 
ive tract  after  she  was  killed.  In  her  case,  however,  as 
well  as  in  that  of  Topsy,  the  diflSculty  was  probably  due 
to  eating  more  than  could  be  digested  and  assimilated. 
Great  as  was  the  diflference  in  the  amount  of  food  taken  by 
them,  both  were  fed  about  equally,  taking  as  a  basis  the 
length  and  depth  of  their  bodies. 

Countess  is  another  cow  that  has  failed  to  yield  butter 
fat  in  proportion  to  food  consumed,  considering  her  con- 
formation, and  so  greatly  has  she  deviated  from  what  might 
be  expected  from  her  that  it  is  suspected  her  digestive  tract 
is  impaired  by  the  presence  of  some  foreign  substance.  She 
has  therefore  not  been  placed  in  either  of  the  groups  when 
studying  the  eflfect  of  type  on  cost  of  production. 

Attention  is  invited  to  the  fact  that  during  the  period 
ending  May  5,  1895,  the  average  weight  of  Ethel,  Lou 
and  Lydia  was  considerably  less  than  it  was  during  the 
period  ending  May  3,  1896,  and  that  the  relative  amount 
of  dry  matter  required  to  a  pound  of  product  was  less  for 
the  latter  period  than  for  the  former,  indicating  that  cows 
may  not  require  food  of  maintenance  exactly  in  proportion  to 
their  weight,  and  that  in  deducting  food  of  support  for  the 
latter  period,  at  the  rate  of  12  pounds  daily  and  thousand 
pounds  live  weight,  there  was  left  less  dry  matter  than 
they  would  seem  to  need  for  the  total  product  returned. 
In  making  comparisons  between  the  results  obtained  as 
appears  in  the  two  tables,  it  should  be  borne  in  mind  that 
the  nutritive  ratio  of  the  rations  fed  during  the  period 
ending  May  5,  1895,  varied  from  1:7.1  to  1:7.3  and 
averaged  about  1:7.2,  while  the  nutritive  ratio  of  the 
ration  fed    during   the  period  ending  May  3,  1896,  was 
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1:5.3.  When  the  wide  ration  was  fed,  10.81  pounds  of  dry 
matter  were  required  on  an  average  for  a  pound  of  product, 
after  deducting  the  food  of  support;  while  with  the  narrow 
ration  only  9.43  pounds  were  used,  indicating  that  a  ration 
having  a  nutritive  ratio  of  1:5.3  comes  nearer  supplying 
the  nutrients  needed  for  milk  production  in  the  right  pro- 
portion than  does  one  having  a  nutritive  ratio  of  1:7.2. 

EFFECTS  OF  LOSS  IN  BODY  WEIGHT. 

Houston  maintained  her  weight  during  the  period  end- 
ing May  3,  1896,  while  Fortune  lost  60  pounds.  After 
making  allowance  for  food  of  maintenance  at  the  rate  of  12 
pounds  dry  matter  per  day  and  thousand  pounds  live 
weight,  Houston  returned  a  pound  of  butter  fat  for  every 
8.02  pounds  of  dry  matter,  while  Fortune  required  9.13,  in- 
dicating that  the  latter  either  ate  more  food  than  she  could 
assimilate  or  that  there  is  no  compensatory  increase  in  yield 
of  butter  fat  resulting  from  a  loss  in  body  weight. 

During  the  first  six  weeks  of  her  .lactation,  commencing 
in  October,  1896,  Duchess  had  an  average  weight  of  867 
pounds,  and  consumed  1,104  pounds  of  dry  matter.  Deduct- 
ing the  amount  needed  for  food  of  support  she  had  left 
available  for  dairy  product  667  pounds  of  dry  matter. 
During  the  six  weeks  she  gave  74.50  pounds  of  butter  fat 
requiring  8.95  pounds  of  dry  matter  to  one  pound  of  butter 
fat.  During  the  six  weeks  following,  her  average  weight 
was  832  pounds.  She  consumed  998  pounds  of  dry  matter. 
Deducting  419  pounds  of  dry  matter,  the  calculated  amount 
required  for  food  of  support,  she  had  left  579  pounds  avail- 
able for  dairy  product.  During  the  six  weeks  she  yielded  59 
pounds  of  butter  fat  requiring  9.81  pounds  of  dry  matter  to 
one  pound  of  butter  fat,  or  9.6  per  cent,  more  than  she  re- 
quired during  the  first  period.  During  the  first  period  of  six 
weeks  she  maintained  her  weight,  but  during  the  second 
period  she  lost  49  pounds  and  required  9.6  per  cent,  more 
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drj  matter  to  a  pound  of  butter  fat,  indicating  again  that 
breaking  down  of  body  tissue  has  no  compensatory  return 
in  increased  yield  of  dairy  product. 

Sweet  Briar  came  in  the  last  of  October,  1896.  During 
the  six  weeks  commencing  November  9th,  and  ending  Decem- 
ber 20th,  she  maintained  her  weight,  which  averaged  1,215 
pounds.  She  consumed  1,188.8  pounds  of  dry  matter  and 
after  deducting  the  calculated  food  of  support  she  had  avail: 
able  576  pounds  of  dry  matter  for  dairy  product.  She 
yielded  78  pounds  of  butter  fat,  being  an  average  of  15 
pounds  of  butter  per  week,  and  returned  a  pound  of  butter 
lat  for  each  7.38  pounds  of  dry  matter.  During  the  six 
weeks  following  she  lost  28  pounds,  and  had  an  average 
weight  of  1,187  pounds.  She  ate  1,060  pounds  of 
dry  matter  and  after  calculating  the  food  of  support  on 
the  basis  of  the  reduced  weight  th^re  was  left  available  for 
dairy  product  462  pounds  of  dry  matter.  She  yielded  64.43 
pounds  of  butter  fat,  being  7.17  pounds  of  dry  matter  to  a 
pound  of  butter  fat,  or  .2  of  a  pound  less  than  was  reqaired 
during  the  first  period  when  maintaining  her  weight;  indi- 
cating that  she  derived  a  slight  benefit  from  the  decrease  in 
body  weight,  or  that  she  consumed  more  during  the  first 
period  than  she  could  assimilate. 

Since  these  feeding  experiments  were  not  planned  for 
such  a  close  study  in  animal  nutrition  no  definite  results  arc 
expected  from  them  and  they  are  given  simply  to  show  the 
direction  in  which  our  investigation  is  leading. 

JUDGING    cows    BY  THE   TEST. 

That  the  usefulness  of  a  cow  in  the  dairy  cannot  be 
definitely  determined  by  testing  her  for  butter  fat  for  a  week, 
a  month,  or  even  a  year,  is  clearly  shown  by  the  records  of 
the  station  herd.  Had  we  attempted  to  pass  judgment 
upon  the  merits  of  Ethel  and  Houston  as  indicated  by  the 
scales  and  the  milk  test  during  the  first  four  weeks  of  any 


Digitized  by  VjOOQIC 


VARIATION  IN  PRODUCTIVE  CAPACITY. 


477 


of  their  periods  of  lactation,  the  evidence  would  have  forced 
US  to  the  conclusion  that  they  were  practically  equal,  while 
if  judgment  had  been  passed  upon  them,  taking  their  con- 
formation as  a  basis,  Houston  would  have  been  declared  far 
superior  to  Ethel. 

Cows  vary  from  year  to  year  in  yield  of  milk  and  butter 
fat,  but  it  rarely  occurs  that  they  will  give  a  light  yield  for 
two  consecutive  years  as  is  shown  by  the  following  table: 


TABLE  XOV. 

—Showing  Tleld  of  Batter  for  Five  Oonseoatlve  Tears. 

Honston 

Sweet  Briar 

Topsy 

1892 ; 

358 
428 
356 
404 
513 

425 
417 
270 
489 
379 

361 

1893 

476 

1894 

355 

1895 

554 

1896 

520 

The  table  also  shows  that  a  cow  may  do  exceptionally 
good  work  for  two  consecutive  years  as  did  Sweet  Briar  in 
1892  and  1893,  and  Houston  and  Topsy  in  1895  and  1896. 
But  Houston  was  not  under  normal  condition  in  1896,  since 
she  failed  to  get  in  calf.  She  ate  less  food  the  last  year  and 
produced  more  milk  and  butter  than  she  did  any  year  prev- 
ious, indicating  that  a  cow  not  in  calf  may  yield  an  abnor- 
mal amount  of  butter  fat.  This  point  was  also  strengthened 
by  the  performance  of  Lil.  a  roan  grade  shorthorn,  that 
came  to  the  station  herd  in  May,  1896. 

She  dropped  a  calf  the  last  day  of  May  and  from  the  1st 
day  of  June  to  the  25th  of  October,  when  exclusive  stall 
feeding  commenced,  she  gave  5,268.1  pounds  of  milk  con- 
taining 216.34  pounds  of  butter  fat.  During  the  26  weeks 
following  she  consumed  4,537  pounds  of  dry  matter  and 
yielded  4,178.3  pounds  of  milk  containing  218.69  pounds  of 
butter  fat.  On  the  26th  day  of  April  she  was  turned  to 
pasture,  and  from  that  day  until  the  end  of  May,  when  she 
completed  her  year's  record,  she  gave  791.6  pounds  of  milk, 
containing  39.34  pounds  of  butter  fat,  making  a  total  yield 
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for  the  year  of  10,238  pounds  of  milk  containing  474.37 
pounds  of  butter  fat,  being  equivalent  to  553.43  pounds  of 
butter.  She  continued  in  milk  until  October  17th,  giving 
during  her  period  of  lactation,  covering  16  months  and  17 
days,  12,594.7  pounds  of  milk  containing  597.9  pounds  of 
butter  fat,  being  equivalent  to  697.5  pounds  of  butter.  She 
was  in  just  fair  working  condition,  weighing  1,225  pounds 
during  the  month  of  June  when  she  was  fresh.  Her  average 
weight  during  the  following  October  was  1,197  pounds. 
During  the  first  three  weeks  in  November  she  received  15 


LiL,  GSADB  SHOSTBORN. 

pounds  of  grain  and  the  same  of  roots  and  hay,  the  ration 
containing  a  trifle  over  29  pounds  of  dry  matter.  Noticing 
that  she  gained  some  50  pounds  during  the  three  weeks 
when  she  received  this  ration,  it  was  reduced  to  13  pounds  of 
grain,  and  by  the  close  of  the  year  her  weight  was  1,215. 
This  weight  she  practically  maintained  and  in  April  her 
average  weight  was  1,185  pounds.  Notwithstanding  the 
large  yield  during  the  period  of  lactation,  there  is  nothing 
extraordinary  about  it,  when  all  the  conditions  are  taken 
into  account.  She  was  a  fair  feeder,  having  a  capacity  of  25 
pounds  of  dry  matter  per  day,  being  at  the  rate  of  20.75  per 
thousand  pounds  live  weight.  Not  being  in  calf,  having  a 
contented  disposition  and  not  laying  on  any  flesh,  all  her 
food  above  that  needed  for  body  maintenance  was  availabk 
for  dairy  product.    June,  July  and  August  the  pasture  was 
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excellent,  and  during  that  time  she  did  not  seem  to  care  for 
more  than  4  pounds  of  grain  daily.  From  the  1st  of  Sep- 
tember her  grain  ration  was  gradually  increased  and  by  the 
end  of  October  she  was  again  on  full  feed.  She  was  in  milk 
504  days  and  since  she  required  in  round  numbers  25  pounds 
of  dry  matter  daily  during  the  winter  when  she  was  far  ad- 
vanced in  her  period  of  lactation  it  is  not  unreasonable  to 
assume  that  she  consumed  26  pounds  daily  during  the  first 
six  months  of  her  lactation  and  25  pounds  daily  during  the 
remainder  of  the  term,  which  amounts  to  12,783  pounds  of 
dry  matter.  A  cow  of  Lil's  disposition  uses  the  minimum 
for  food  of  maintenance,  being  in  round  numbers  14  pounds 
of  dry  matter  daily  for  a  cow  weighing  1,200  pounds, 
amounting  to  7,056  pounds  for  504  days,  leaving  available 
for  dairy  products  5,727  pounds.  She  yielded  697  pounds 
of  butter  which  is  1  pound  of  butter  for  every  8.21  pounds 
of  dry  matter,  being  the  amount  ordinarily  required  by 
cows  not  taking  more  feed  than  they  can .  assimilate  and 
having  good  digestion.  To  test  her  digesting  powers  she 
was  employed  in  a  digestion  experiment  during  three  weeks 
in  November,  the  feed  being  fodder  corn,  roots  and  oil  meal. 
She  digested  70  per  cent,  of  the  dry  matter  while  the  cow 
Lottie,  that  was  on  a  similar  experiment,  digested  only 
62.25  per  cent,  of  the  dry  matter. 

Her  largest  yield  in  any  one  week  was  only  12.37 
pounds  of  butter,  and  after  being  in  milk  six  months  she 
was  still  giving  11.5  pounds  per  week.  Had  she  been  in  calf 
and  due  in  about  a  year  from  the  time  she  dropped  her  calf, 
she  would  probably  have  given  milk  about  40  weeks  and 
yielded  about  400  pounds  of  butter,  which  would  have  been  a 
most  excellent  record,  but  not  being  in  calf,  nor  using  any 
food  for  gain  in  weight,  she  was  enabled  to  yield  553  pounds 
in  12  months  and  697  pounds  in  16  months  and  17  days. 

As  further  evidence  showing  what  little  significance  at- 
taches to  a  single  year's  record  the  performance  of  the  grade 
shorthorn  Fairy  is  cited.     During  the  year  1896  she  gave 
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271  pounds  of  butter.  In  1897  heryield  was  384  pounds  and 
in  1898  it  was  216  pounds.  And  yet  during  the  three  years 
she  had  practically  the  same  care  and  similar  methods  of 
feeding  obtained. 

From  the  time  the  dairy  herd  was  established  there  has 
been  no  effort  made  to  stimulate  or  train  a  cow  to  produce 
an  abnormal  yield  for  a  week,  a  month  or  a  year;  so  the 
variations  that  occurred  in  this  respect  were  due  simply 
to  the  variation  in  the  physical  tone  of  the  cows.  It  is  not 
certain  that  the  cows  were  fed  in  such  a  way  that  the  great- 
est yield  possible  was  obtained.  The  fact  that  Topsy  pro- 
duced 554  pounds  of  butter  in  a  year,  Lil  553,  and  Houston 
512,  with  only  ordinary  feed  and  under  such  disadvantages 
as  exist  at  a  public  institution  like  an  experiment  station, 
indicates  the  possibility  of  far  greater  yields  when  all  con- 
ditions are  favorable.  It  may  be  that  a  cow  in  the  best 
possible  physical  condition  and  having  extraordinary  feed- 
ing powers  might  digest  30  pounds  of  dry  matter  daily. 
With  a  large  middle  and  light  quarters  and  weighing  only  a 
thousand  pounds  she  would  require  4,380  pounds  of  dry 
matter  during  365  days  for  food  of  maintenance.  If  she 
made  no  gain  in  weight  and  had  no  foetal  growth  to  nourish, 
she  would  have  available  for  milk  production  during  the 
year  6,570  pounds  of  dry  matter.  Calculating  a  yield  of 
one  pound  of  butter  from  eight  pounds  of  dry  matter  an 
annual  yield  of  800  pounds  of  butter,  or  of  milk  25,000  pounds 
containing  2.8  per  cent,  butter  fat,  would  seem  within  the 
range  ot  probability.  The  tables  indicate  that  if  a  narrower 
ration  containing  a  smaller  percentage  of  inert  matter  were 
provided  the  amount  of  dry  matter  required  for  food  of  sup- 
port and  for  a  pound  of  butter  might  be  materially  reduced. 
The  records  show  that  under  our  system  of  feeding  it  re- 
quired from  8  to  9.6  pounds  ot  dry  matter  over  and  above 
that  calculated  for  food  of  maintenance  to  produce  a  pound 
of  butter  by  cows  under  normal  condition. 
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During  the  year  that  Houston  made  her  best  record, 
which  was  512  pounds  of  butter,  she  consumed  only  23 
pounds  of  dry  matter  daily  during  the  first  six  months  of  her 
period  of  lactation.  Her  average  weight  during  the  year 
was  926  pounds,  and  calculating  that  she  required  11 
pounds  of  dry  matter  daily  for  food  of  maintenance  she  had 
12  pounds  left  daily  available  for  dairy  product,  being 
enough  for  one  and  a  half  pounds  of  butter.  Had  she  been 
milked  365  days  her  normal  yield  under  the  conditions 
would  have  been  547  pounds.  It  is  not  certain  that  the 
ration  fed  provided  the  nutrients  required  for  bodily  main- 
tenance and  milk  production  in  the  exact  proportion  needed, 
neither  is  it  claimed  that  the  ration  was  one  that  required 
the  minimum  amount  of  energy  for  digestion.  It  may  be 
possible,  therefore,  that  in  cases  where  these  requirements 
are  fully  met  the  amount  of  dry  matter  required  for  the  pro- 
duction of  a  pound  of  butter  may  be  considerably  lessened. 
It  has  been  shown  that  cows  vary  from  year  to  year  in 
physical  tone ;  that  at  some  time  in  their  lite  they  will  con- 
sume more  food  and  do  more  work  than  they  have  done  at 
any  other  time;  and  that  the  usefulness  of  a  cow  cannot  be 
measured  by  any  one  year's  performance.  Every  living 
thing  reaches  its  meridian  of  life  but  once,  and  if  at  that 
time  all  conditions  are  favorable  and  every  opportunity  is 
oflFered,  extraordinary  results  may  be  obtained. 
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COMPARING    THE   COST   OF    BUTTER    AND    MEAT 

PRODUCTION. 

During  the  winter  of  1896-97  an  experiment  was  made 
having  for  its  object  a  comparison  of  the  cost  of  butter  and 
meat  production.  During  the  summer  of  1896  the  Division 
of  Agriculture  used  four  steers  in  an  experiment  in  pasturing 
on  plots  of  forage  crops.  The  preliminary  work  was  com- 
pleted in  the  fall,  and  the  steers  were  to  be  fattened,  and  in 
the  meantime  used  during  the  winter  in  class  work,  and  later 
on  were  to  be  slaughtered,  and  the  dressed  meat  used  in 
the  co-operative  dining  hall  connected  with  the  School  of 
Agriculture. 

It  was  decided  that  the  steers  should  be  turned  over  to 
the  Dairy  Division  for  the  object  stated. 

The  experiment  was  divided  into  two  periods  of  five 
weeks  each.  The  first  period  the  cows  and  steers  received  a 
ration  composed  of  six  parts  ground  com,  five  parts  bran 
and  one  part  oil  meal,  with  timothy  hay  and  beets.  During 
the  second  period  they  received  a  grain  mixture  composed  oi 
eight  parts  bran,  two  of  corn  and  two  of  barley.  The  first 
two  weeks  were  set  aside  for  preliminary  feeding  and  the 
remaining  three  weeks  of  each  period  were  taken  for  the  ex- 
periment proper. 

Three  of  the  steers  were  about  thirty  months  old,  and 
one  three  or  four  months  younger.  Two  were  black,  and 
had  the  appearance  of  carrying  some  Angus  blood;  two 
were  red,  and  evidently  had  some  Shorthorn  blood.  Weight 
of  steers  ranged  from  830  to  1,008  and  in  general  conform- 
ation two  would  be  considered  as  fair  steers  for  feeding 
purposes,  while  two  would  be  called  poor. 

The  cows  selected  for  the  experiment  were  above  the 
average  in  quantity  of  milk  and  butter  produced,  but  in  cost 
of  production  two  of  them,  Countess  and  Liggetta,  were 


Digitized  by  VjOOQIC 


COST  OF  BUTTER  AND  MEAT  PRODUCTION. 


488 


among  the  highest  in  the  herd;  while  Sweet   Briar   and 
Duchess  were  below  the  average,  but  not  the  lowest. 


FIRST  PERIOD. 

TABLE  XOVI.— Showing  Feed  Oonsumed  and  G^ain  Made  by  Bach  Steer 
I>aTinff  the  First  Period  of  the  Trial,  When  the  Gl-rain  Ration  was 
Ck>mposed  of  a  Mixture  of  Six  Parts  Corn,  Five  Parts  Bran  and  One 
Part  OU  Meal. 


Dajs 

in 
Trial 

Pbbd 

Gain 
Lbs. 

NAMB 

Hay 

Grain 

Roots 

Bob 

31 
21 
21 
21 

252 
252 
231 
210 

252 
252 
231 
210 

252 
252 
281 
210 

56 

Ole 

32 

Cal 

40 

Nie 

SO 

Total 

84 

945 

945 

945 

158 

Nine  hundred  and  forty-five  pounds  of  the  grain  mixture 
with  an  equal  amount  in  weight  of  hay  and  sugar  beets 
produced  a  gain  of  158  pounds,  or  100  pounds  of  the  grain 
mixture  with  an  equal  weight  of  roots  and  hay  produced 
16.72  pounds  of  gain. 


TABLE  XCVU.— Showing  the  Amonnt  of  Feed  Oonsomed  and  Bntter 
Prodnced  by  the  Four  Oows  in  the  Bxperiment  During  the  First 
Period  of  the  Trial,  When  the  Grain  Bation  was  Composed  of  a  Kixtnre 
of  Six  Parts  Com,  Five  Parts  Bran  and  One  Part  OU  Meal. 


NAMB 


Days 

in 
Trial 


Pbbd 


Hay 


Grain 


Roots 


Lbs.  of 
Batter 


Countess 

Dtichess 

Liggetta 

Sweet  Briar. 

Total 


21 
21 
21 
21 


843 
294 
322 
280 


343 
294 
322 
280 


343 
294 
322 

280 


84 


1239 


1239 


1289 


84.06 
.47.87 
81.67 
46.33 


158.93 


One  thousand  two  hundred  and  thirty-nine  pounds  of 
the  grain  mixture,  together  with  an  equal  amount,  in 
-weight,  of  hay  and  roots,  produced  158.93  pounds  of  butter 
or  100  pounds  of  the  grain  mixture  with  an  equal  amount,  in 
^weight,  of  hay  and  roots,  produced  12.66  pounds  of  butter. 
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TABLE  XCrVTII.— Showing  Feed  Oonsxuned  and  (Hin  Made  by  Baob 
Steer  Baring  the  Second  Period  Of  the  Trial  and  When  the  Grain 
Mixture  was  Composed  of  Bi^ht  Parts  Bran,  Two  Parts  Com  and 
Two  Parts  Barley. 


Days 

in 
Tfial 

Pbbd 

Gain 
•  Lbs. 

NAMB 

Hay 

Grain 

Roots 

Bob 

21 
21 
21 
21 

252 
189 
210 
180 

252 
189 
210 
189 

252 
189 
210 
lb9 

80 

Ole 

57 

Cal 

Nie 

75 
54 

Total 

84 

840 

840 

840 

266 

Eight  handred  and  forty  pounds  of  the  grain  mixture, 
together  with  an  equal  amount  each  in  weight  of  roots  and 
hay,  produced  266  pounds  of  gain,  or  100  pounds  of  the  grain 
mixture  with  an  equal  amount  in  weight  of  hay  and  roots 
produced  31.66  pounds  of  gain. 


TABLE  XCIX.— Showing  the  Amount  of  Feed  Consumed  and  Butter 
Produced  by  the  Four  Cows  in  the  Experiment  Burins'  the  Second 
Period  of  the  Trial,  the  Grain  Bation  Beinar  a  Mixture  of  Biffht  Parts 
Bran,  Two  Parts  Com  and  Two  Parts  Barley. 


Days 

in 
Trial 

Pbbd 

Lbs.  of 
Batter 

NAMB 

Hay 

Grain 

Roots 

CottntesB 

21 
21 
21 
21 

852 
273 
315 
315 

352 
273 
315 
315 

352 
273 
815 
315 

30.77 

Duchess 

40.25 

L,iKgetta. 

28.36 

Sweet  Briar 

43.95 

Total 

84 

1255 

1255 

1266 

143.33 

Twelve  hundred  and  fifty-five  pounds  of  the  grain 
mixture,  together  with  an  equal  amount  in  weight  of  hay 
and  roots,  produced  148.33  pounds  of  butter,  or  lOOpounds 
of  the  grain  mixture  and  an  equal  amount  in  weight  of  hay 
and  roots  produced  11.42  pounds  of  butter. 


Digitized  by  VjOOQIC 


COST  OF  BUTTER  AND  MEAT  PRODUCTION.  485 

TABI4B  O.— G^ivinsr  Summary  of  Besults  Obtained  in  the  Two  Periods. 


COWS 

STBERS 

Period 

Hay 
Lbs. 

Grain 
Lbs. 

Roots 
Lbs. 

Butter 

Period 

Hay 
Lbi. 

Grain 
Lbs. 

Roots 
Lbs. 

Gain 

1 

100 
100 

100 
100 

100 
100 

12.66 
11.42 

1 

100 
100 

100 
100 

100 
100 

16.72 

2 

2 

31.66 

Total- 

200 

200 

200 

24.08 

Total.. 

200 

200 

200 

48.38 

100 

100 

100 

12.04 

100 

100 

100 

24.19 

Combining  the  results  obtained  during  the  first  and 
second  periods  we  find  that  100  pounds  of  grain  mixture 
with  an  equal  amount  of  hay  and  roots  when  fed  to  the 
four  steers  produced  24.19  pounds  in  gain  and  that  an  equal 
amount  of  the  same  food  fed  to  the  four  cows  produced 
12.04  pounds  of  butter. 

The  foregoing  comparisons  are  made  with  reference  only 
to  the  amount  of  feed  consumed  by  the  four  steers  and  four 
cows  to  produce  meat  and  butter  products,  and  since  all  the 
feed  was  weighed  and  chemical  analyses  made  of  the  different 
feed  stuffs  used,  also  a  digestion  experiment  made  with  the 
four  steers  at  the  close  of  the  experiment  proper,  further 
comparisons  can  be  made  as  to  the  amount  of  dry  matter 
consumed  by  the  eight  animals  employed  in  the  experiment, 
the  cost  of  butter  and  meat  production,  the  pounds  of  dry 
matter  required  to  produce  a  pound  of  butter  andapoundof 
gain,  and  with  the  steers  the  amount  of  food  digested  by 
each,  and  approximately  what  disposition  was  made  of  the 
food. 

The  steers  represented  four  clearly  defined  types,  though 
none  of  them  fairly  represented  what  would  be  termed  an 
excellent  beef  form. 
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Bob. 


Bob  had  good  depth  through  the  middle  which  is  an  in- 
dication of  a  good  feeder;  he  had  excellent  heart  girth,  was 
low.  in  the  flank,  medium  breadth  across  the  shoulders,  crops 
medium  full,  ribs  well  sprung,  thighs  fairly  thick,  with  rear 
thigh  line  running  dowp  nearly  straight.  He  was  very 
quiet  in  disposition,  slow  in  his  movements,  paying  little 
attention  to  what  was  going  on  and  spent  much  of  his  time 
lying  down.  He  consumed  the  most  feed,  made  the  greatest 
gain  of  any  of  the  steers  and  made  it  at  the  least  cost.  His 
average  daily  gain  was  3.24  pounds  at  a  cost  for  feed  of  1% 
cents  per  pound  of  gain. 


Cal. 


Calamity  was  black  and  hornless;  medium  in  depth 
through  the  middle;  light  fore  anc^  hind  quarters;  cut  up 
high  in  the  flank;  hook  points  prominent;  withers,  back  and 
rump  quite  sharp;  thighs  flat  and  a  little  incurving.  Bright,* 
quick  eye,  rather  timid,  and  just  a  little  light  in  feeding 
capacity.  His  average  daily  gain  was  2.74;  cost  of  a  pound 
of  gain  1.82  cents. 
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In  a  general  way  Ole  resembled  Bob,  being  red  and  simi- 
lar in  conformation  but  not  quite  as  deep  in  body.  He  had 
a  large  head,  was  heavy  in  bone,  large  limbs  and  heavy  tail. 
His  fore  quarters  were  fully  as  broad  and  full  as  Bob's,  but 
his  hind  quarters  were  a  trifle  more  narrow  and  angular. 
In  disposition  he  differed  greatly  from  the  others.  He  was 
slow  in  movement  but  restive  and  stubborn, '  and  while  he 
was  not  as  timid  as  Cal.  he  was  much  slower  in  responding 
to  kind  treatment  and  in  becoming  reconciled  to  confine- 
ment. His  average  daily  gain  was  2.12  pounds,  at  a  cost 
of  2.37  cents  per  pound. 


NiO. 


Nig,  as  the  name  indicates,  was  black  and  evidently  carried 
some  Angus  blood.  He  was  smallerthan  the  others,  weighing 
830  pounds  when  he  came  to  the  division,  but  was  taller 
than  his  weight  indicated.  His  most  noticeable  character- 
istic was  a  lack  of  depth  and  breadth  of  body,  which  gave 
him  a  leggy  appearance.  There  was  nothing  remarkable  in 
his  disposition,  being  just  fair  in  this  respect.  He  gained  on 
an  average  2.  pounds  per  day  and  it  cost  2.26  cents  per 
pound  of  gain. 
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TABLE  01.— Summary  of  Besolts  on  Meat  Prodnotion. 


NAMB 

Dry 

Matter 

Lbs. 

Cost  of 
Peed 

Gain 
Lbs. 

Axerage 
Daily 
Gain 

Cost 

of  lib.  of 

Gain 

Dry  Mat- 
ter to  lib. 
of  Gain 

Bob 

981.96 
858.90 
858.69 
777.00 

$2.40 
2.11 
2.10 
1.90 

136 
89 

115 
84 

3.24 
2.12 
2.74 
2.00 

Cents 
1.76 
2.37 
1.83 
2.26 

7.22 

Ole 

9.65 

Cal 

7.46 

Niff 

9  25 

Total 

3476.55 

8.51 

424 

ATcra^^ 

2.52 

2.01 

8  20 

The  fourstecrs  consumed  $8.51  worth  of  feed,  gained  424 
pounds;  the  average  daily  gain  was  2.52  pounds;  cost  for 
feed  per  pound  gain  2  cents,  and  it  required  8.2  pounds  of 
dry  matter  for  every  pound  of  gain. 

The  following  table  gives  .the  pounds  of  dry  matter  con- 
sumed by  each  cow,  the  cost  of  feed,  the  yield  of  butter,  cost 
of  a  pound  of  butter  and  the  dry  matter  required  to  pro- 
duce a  pound  of  butter : 

TABLB  OH.— Summary  of  Besults  on  Batter  Produotion. 


NAMB 

Dry 

Matter 

Lbs. 

Cost 

of 

Peed 

Yield  of 
Butter 

Fat 

Lbs. 

Yield  of 

Butter 

Lbs. 

Cost  of 
1  lb.  of 
Butter 

Dry  Mat- 
ter to  lib. 
of  Butter 

Conntets 

Ducbess 

1349.04 
1103.76 
1240.05 
1158.50 

$3.29 
2.70 
3.03 
2.82 

55.35 
72.10 
51.45 
76.52 

64.58 
84.12 
60.03 
89.27 

Cents 
5.09 
3.21 
6.06 
3.16 

*  20.89 
13.13 

Liftgetta 

20.66 

Sweet  Briar 

12.98 

Total 

4851.35 

11.84   , 

255.42 

297.99 

Averagfe 

3.97 

16.28 

The  four  cows  consumed  $11.84  worth  of  feed,  produced 
255.42  pounds  of  butter  fat,  being  a  butter  equivalent  of 
297.99  pounds,  at  a  cost  of  3.97  cents,  consumed  16.28 
pounds  of  dry  matter  to  one  pound  of  butter;  while  the  four 
steers  gained  on  an  average  2.52  pounds  per  day,  costing 
two  cents  per  pound  of  gain,  and  required  8.2  pounds  of  dry 
matter  to  one  pound  gain  in  weight. 
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As  there  will  always  be  some  variation  as  to  cost  of  pro- 
duction, both  for  butter  and  meat,  and  the  amount  of  dry 
matter  required  to  produce  them,  it  is  not  expected  that 
this  experiment  will  do  more  than  to  give  the  comparative 
cost,  and  on  this  point  we  shall  deal  only  in  round  numbers, 
and  show  that  on  an  average  it  required  half  as  much  feed  to 
produce  a  pound  of  gain  or  growth  as  it  did  to  produce  the 
milk  that  would  make  a  pound  of  butter.  The  amount  of 
dry  matter  required  to  produce  a  pound  ofeither  product  was 
exceptionally  small  because  of  the  short  time  covered  by  the 
experiment.  Had  it  been  carried  on  for  six  months  the 
average  cost  for  gain  and  butter  product  and  the  amount  of 
dry  matter  required  for  their  production  could  have  been 
accepted  as  a  fair  average  and  a  standard. 

The  following  table  gives  the  records  of  the  four  cows 
during  the  remainder  of  the  winter,  covering  a  period  of  26 
weeks,  during  which  time  the  average  cost  of  feed  for  a 
pound  of  butter  was  4.76  cents,  and  a  pound  of  butter  was 
produced  for  each  17.71  pounds  of  dry  matter  consumed. 


NAMB 


Dry 

Matter 

Lb*. 


Cost 

of 

Peed 


Batter 
Lbs. 


Cost  ofa 

Pound 
of  Butter 


Dry  Mat- 
ter to 
1  lb.  of 
Batter 


Cotintess 

DticheM 

Uggctta 

Sweet  Briar.. 


Averacre.. 


S353.88 
4148.83 
4794.44 
4493.09 


$14.88 
10.71 
13.28 
11.70 


255.64 
280.77 
321.58 
302.84 


Cents 

5.83 

3.81 

5.99 

3.86 


4.76 


20.94 
14.78 
21.64 
14.84 


17.71 


WHY  THE  DIFFERENCE  IN  PRODUCTIVE  POWERS. 

Referring  to  table  CI.,  Summary  of  Results  on  Meat 
Production,  it  will  be  seen  that  there  was  a  marked  differ- 
ence in  the  gain  made  by  the  different  steers,  the  cost  of  the 
gain,  and  the  amount  of  dry  matter  required  to  produce  a 
pound  of  gain;  Bob  making  a  pound  of  gain  with  7.22 
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potiiids  of  dry  matter,  Cal.  requiring  7.46  pounds,  Nig 
9.25,  and  Ole  9.65.  The  cost  of  producing  a  pound  of 
gain  was  exactly  in  proportion  to  the  amount  of  dry 
matter  required.  The  question  that  interests  every  farmer 
is  why  this  difference  in  the  gain  and  cost  of  gain  with 
the  different  steers.  The  description  of  the  steers  gives 
only  a  partial  explanation  of  the  difference  in  the  manner 
in  which  they  responded  to  the  feed.  But  so  far  as  the 
description  affords  evidence,  Ole  should  have  made  a  better 
return  than  Cal.,  for  the  latter  was  of  a  more  restless 
disposition  and  was  not  of  as  good  a  beef  type.  Each 
took  the  same  amount  of  feed  and  carried  practically  the 
same  weight  during  the  experiment  and  yet,  Cal  gained  115 
pounds  while  Ole  gained  89  pounds.  Had  each  steer  made 
gain  in  proportion  to  the  dry  matter  consumed,  taking  the 
gain  made  by  Bob  as  a  basis,  Cal.  and  Ole  would  have  gained 
119  pounds  each  and  Nig  would  have  gained  107.  pounds. 
Immediately  after  the  close  of  the  experiment  and  before 
any  change  was  made  in  their  feed  an  investigation  was 
made  to  determine  the  per  cent,  of  the  feed  that  each  steer 
digested.  The  feed  was  carefully  weighed  as  during  the 
experiment  and  chemical  analyses  made  of  the  different  feed 
stuffs  to  ascertain  the  exact  amount  and  kind  of  nutrients 
that  each  steer  consumed ;  the  excreta  were  weighed  and 
analyzed  to  determine  the  amount  of  nutritive  substances 
that  were  digested  by  each. 


TABLB  OIII.— aivinff  Pounds  of  Dry  Matter  Oonsumed.  Par  oent. 
Divested,  and  Founds  of  Dry  Matter  Digested. 


NAME 

Dry  Matter 

Conttttned 

Lb». 

Per  cent. 
Dry  Matter 
Undigested 

Percent. 

Dry  Matter 

Digested 

Dry  Matter 

Undigssted 

Lrbs. 

Dry  Matter 

Bob 

981.96 
858.69 
8S8.90 
776.00 

29.10 
22.44 
27.61 
30.16 

70.90 
77.56  . 
72.49 
69.86 

286.76 
192.69 
236.29 
233.87 

696^1 

Cal 

666.00 

Ol€ 

622.61 

mg 

642.18 
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There  was  a  marked  diflFerence  in  the  digesting  powers 
of  the  four  steers,  the  range  being  77.56  against  69.85  per 
cent.  Bob  consumed  123.27  pounds  more  feed  than  did  Cal. 
but  digested  only  30.21  pounds  more.  Cal.  and  Ole  received 
858  pounds  of  dry  matter  each,  but  the  former  digested 
666  pounds,  while  the  latter  digested  only  622.61  pounds;  or 
in  other  words  Cal.  found  43.39  pounds  more  of  nutritive 
substances  available  for  gain.  Another  point  worthy  of 
note  is  the  fact  that  Cal.  with  a  medium  ration  digested  his 
food  the  best,  but  Ole  being  of  equal  weight  and  getting  the 
same  ration  digested  5  per  cent.  less.  Bob  receiving  a 
heavy  ration  digested  1  per  cent,  more  than  did  Nig  with  a 
light  ration. 

Had  the  four  steers  gained  in  proportion  to  the  nutrients 
digested  by  each,  taking  the  gain  made  by  Bob  as  the  basis, 
Cal.  would  have  gained  130  pounds,  Ole  121  and  Nig  106, 
but  the  three  steers  fell  short  of  this,  Cal.  by  15  pounds,  Ole 
by  32  pounds  and  Nig  by  22  pounds.  Since  these  calculations 
are  based  upon  the  amount  of  feed  actually  digested  it  fol- 
lows that  a  part  of  the  nutritive  substances  were  diverted 
by  three  of  them  to  some  purpose  other  than  gain.  When 
three  steers  in  forty-two  days  make  no  return  for  nutrients 
that  should  produce  69  pounds  of  gain,  under  such  appar- 
ently favorable  conditions,  the  wrhy  becomes  a  matter  of 
considerable  importance. 

The  first  point  to  be  considered  is  the  amount  of  food 
each  steer  required  for  bodily  maintenance.  It  has  been 
stated  that  Bob  was  of  a  quiet  disposition,  contented  as  to 
his  surroundings  as  long  as  he  had  all  he  wanted  to  eat  and 
was  comfortable.  An  animal  with  such  a  disposition  uses 
the  minimum  amount  of  food  to  repair  waste  tissues  and 
furnish  the  energy  needed  to  keep  all  the  organs  in  normal 
working  order.  Bob  will  therefore  be  made  the  basis  for 
comparison.*  It  is  indicated  that  with  an  animal  under 
fairly  normal  condition— neither  fat  nor  poor— in  comfort- 
able  quarters,    and    contented,    six   pounds   of  digestible 

*Pood  of  maintenance  experiment  not  yet  pttbliftbed. 
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matter  of  the  food  stuffs  ordinarily  used  will  maintain  a 
thousand  pounds  of  live  weight  for  24  hours.  The  addition- 
al amount  required  to  provide  the  muscular  energy  needed 
to  digest  a  full  ration  is  an  unknown  factor  and  will  be  left, 
in  common  with  the  factor  of  the  amount  of  digestible  nut- 
rients needed  for  a  pound  of  gain  after  the  food  of  mainten- 
ance is  provided  for. 

Taking  the  actual  amount  of  food  stuffs  digested  daily 
by  each  steer  the  gain  made,  as  near  as  could  be  determined 
by  the  scales,  and  assuming  that  three  pounds  of  nutritive 
substances  were  used  by  each  steer  for  each  pK>und  of  gain 
and  for  the  extra  energy  employed  to  digest  a  full  ration,  we 
have  the  following  table  : 


TABLE  OIV.— Showing  Disposition  Made  DaUy  of  the  Nutriente 
Digested  by  Bach  Steer. 


Bob 

Cal 

Ole 

Ni« 

Pounds  of  Ntitricnts  Daily 

Poanda  of  Nutrients  Needed  for  Gain 

16.57 
9.72 

16.85 
8.22 

14.82 
6.36 

12.94 
6.0O 

Pounds  for  Pood  of  Support , 

6.85 
6.00 

7.63 
7.23 

8.46 
8.04 

6.94 

Per  1000  Pounds  Live  Weight 

7.71 

The  average  weight  of  the  steers  during  the  experiment 
was:  Bob,  1,141;  Cal.,  1,055;  Ole,  1,052,  and  Nig,  900. 
Their  average  daily  gain  was:  Bob,  3.24;  Cal.,  2.74;  Ole, 
2.12  and  Nig  2  pounds.  The  amount  of  nutrients  apparently 
required  daily  by  each  steer  is  in  accord  with  the  disposi- 
tion peculiar  to  each.  Bob,  the  docile,  required  the  tnimi- 
mum,  being  6  pounds;  Cal.,  the  timid,  used  7.23;  Ole,  the 
restive,  8.04;  and  Nig  7.71.  Had  not  special  notice  been 
taken  of  the  disposition  peculiar  to  each,  and  the  per  cent. 
of  food  digested  by  each  carefully  ascertained,  we  should  be 
at  a  loss  to  account  for  the  discrepancy  between  the  gain 
made  by  Cal.  and  Ole,  since  each  was  of  the  same  average 
weight  during  the  experiment,  consumed  the  same  amount 
of  food ;  but  when  it  is  shown  that  Cal.  found  1.04  pounds 
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more  nutrients  available  for  gain  daily  than  did  Ole,  that 
this  represents  a  trifle  over  half  a  pound  of  gain  per  day,  and 
that  during  the  experiment  it  would  amount  to  an  increase 
in  gain  of  22  pounds,  the  balance  of  this  discrepancy  in 
gain,  which  is  only  four  pounds,  may  be  attributed  to  the 
diflerence  in  disposition.  A  careful  study  of  the  tables  in 
connection  with  the  illustrations  and  the  description  given 
of  the  four  steers  will  show  that  good  disposition  and  diges- 
tion are  important  factors  in  deciding  the  usefulness  of  a 
steer.  Cal.  was  not  what  would  be  called,  ordinarily,  a 
good  steer,  but  being  a  fair  feeder,  having  excellent  digest- 
ion and  being  of  a  tractable  disposition,  he  was  enabled 
to  gain  26  pounds  more  than  Ole,  notwithstanding  the 
fact  that  in  conformation  Ole  more  nearly  resembled  Bob. 
The  experiment  indicates,  incidentally,  that  large  feeding 
capacity,  good  digestion  and  a  good  disposition  arc  the 
three  essential  points  in  a  good  steer.  Of  these,  Bob  pos- 
sessed two,  being  a  large  feeder  and  having  a  most  contented 
disposition.  Cal.  had  only  one,  in  a  marked  degree,  which 
was  good  digestion,  but  as  to  quantity  of  food  that  hecould 
take  he  was  only  medium.  Ole's  digestion  and  feeding  ca- 
pacity were  medium,  while  his  disposition  was  not  good. 
Nig  was  a  trifle  better  in  disposition  but  lacked  both  in  feed- 
ing capacity  and  digestion. 

To  illustrate  what  effect  a  change  of  Iced,  or  any  dis- 
turbance, may  have  on  animals  even  when  more  than  ordin- 
ary precaution  is  taken  to  reduce  it  to  a  minimum,  a 
diagram  is  submitted  showing  the  average  weight  of  the 
four  steers  every  Monday  morning  during  the  experiment  : 
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The  base  line  of  the  chart  represents  the  900  pound  line. 
The  two  other  heavy  horizontal  lines  represent  the  1,000 
pound  line  and  the  1,100  pound  line,  respectively.  The  upper 
line  represents  the  1,200  pound  mark.  While  the  small 
squares  horizontally,  represent  days  and  vertically  1 0  pounds. 
The  line  traced  represents  the  gain  or  loss  in  weight  of  the 
steers. 

It  will  be  noticed  that  the  steers  made  steady  and  quite 
uniform  gain  until  the  close  of  the  first  period,  when  the 
grain  ration  was  changed  from  one  composed  of  a  mixture 
of  6  parts  com  meal,  5  parts  bran  and  1  part  oil  meal  to 
one  composed  of  8  parts  bran,  2  of  corn  and  2  of  barley,  the 
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roughage  remaining  the  same.  At  the  close  of  the  first 
period  the  average  weight  of  the  four  steers  was  1,026 
pounds,  while  at  the  close  of  the  first  week  when  the  feed 
was  changed  they  weighed  on  an  average  1,018  pounds, 
being  a  loss  in  weight  of  8  pounds.  Nothing  occurred,  so  far 
as  is  known,  that  should  in  any  way  disturb  the  steers,  ex- 
cept the  change  of  food.  During  the  second  week,  however, 
they  regained  their  normal  weight,  and  gained  at  the  rate  of 
4.7  pounds  each.  During  the  three  weeks  covered  by  the 
second  period  they  gained,  on  an  average,  67  pounds,  being 
average  daily  gain  of  3.19.  During  the  week  following,  a 
digestion  experiment  was  carried  on  with  the  four  steers. 
They  received  the  same  feed  that  they  had  during  the  three 
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weeks  prccecdiiig,  but  on  accotint  of  the  disturbance  occa- 
sioned by  the  presence  day  and  night  of  two  attendants, 
they  not  only  made  no  gain,  but  lost  5  pounds  per  head. 
They  took  the  feed  regularly  and  seemingly  with  a  relish 
and  an  analysis  of  the  dung  and  urine  showed  that  their 
digestion  was  normal.  Yet.  during  the  week  Bob  and  Cal. 
lost  2  pounds  each,  Ole  lost  5  and  Nig  10. 

An  additional  week  is  added  to  the  chart  to  show  that 
during  the  week  following  the  digestion  experiment  they 
again  gained,  but  only  at  the  rate  of  1.4  pounds  per  day. 

The  experiment  shows  that : 

1.  With  100  pounds  of  grain  and  an  equal  amount 
of  hay  and  roots,  four  steers  made  a  gain  of  24.19  pounds, 
and  four  cows  with  the  same  amount  and  kind  of  feed  pro- 
duced 12.04  pounds  of  butter. 

2.  The  four  steers  consumed  feed  valued  at  $8.51 ,  gained 
424  pounds,  being  an  average  daily  gain  of  2.52  pounds, 
costing  2  cents  per  pound  and  returning  a  pound  gain  for 
8.2  pounds  of  dry  matter  consumed. 

3.  The  four  cows  consumed  feed  valued  at  $11.84, 
yielded  255.42  pounds  butter  fat,  being  a  butter  equivalent 
of  297.99  pounds  at  a  cost  for  feed  of  3.97  cents  per 
pound,  producing  a  pound  of  butter  to  16.28  pounds  of 
dry  matter  consumed". 

4.  Type  has  not  so  much  significance  with  a  steer  as  it 
has  with  a  dairy  cow  for  the  reason  that  a  steer  not  of  good 
type  may  be  a  large  feeder  and  a  good  digester  and  convert 
all  the  food  taken  over  his  needs  for  maintenance  into  gain ; 
while  a  cow  not  of  the  dairy  type  has  the  alternative  of 
converting  food  either  into  milk  or  gain,  and  she  may  choose 
the  latter  at  a  time  when  the  owner  wants  only  the  former. 

5.  Any  sudden  change  in  feeding  or  handling  may  cause 
a  loss  in  weight  or  shrinkage  in  yield  of  milk  and  butter 
fat. 
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VARIATION  IN  FLOW  AND  PER  CENT.  OF    FAT  IN 

MILK. 

Keeping  an  accurate  record  of  the  daily  yield  of  milk,  and 
testing  each  milking  separately,  since  the  establishment  of 
the  dairy  herd  of  the  Minnesota  Experiment  Station,  has 
afforded  a  good  opportunity  to  note  the  changes  that  take 
place  in  the  flow  and  quality  of  the  milk  from  each  cow,  and 
the  influence  that  feed- has  on  milk  secretion, 

•In  the  management  of  the  herd,  it  has  been  the  aim 
always  to  supply  the  nutriment  needed  for  normal  milk 
production,  and  whenever  it  was  found  necessary  to  make 
any  change  in  feed  it  was  made  gradually,  to  avoid,  as  much 
as  possible,  any  abnormal  shrinkage,  and  since  no  experiment 
was  planned  specially  with  a  view  of  studying  the  effect 
that  different  feed  stuffs  have  on  the  secretion  of  milk,  no 
definite  results  have  been  obtained,  and  the  data  submitted 
are  simply  such  as  have  accumulated  incidentally. 

To  show  how  much  a  cow  may  vary  in  milk  yield  and 
fat  content  from  one  milking  to  another  during  a  week 
Topsy's  record  for  the  week  ending  January  28,  1896,  is 
given : 


TABLE  CV. -Showing  the  Yield  of  Milk  and  Per  Oent.  Fat  of  each 
Milking  for  One  Week. 


1896                1 

MUk 

Per  Cent.  Fat 

Total  Pat 

'^aflO*»'v  22 

A.M. 
P.  M. 
A.M. 
P.M. 
A.M. 
P.  M. 
A.M. 
P.M. 
A.  M. 
P.  M. 
A.M. 
P.M. 
A.M. 
P.M. 

23.2 
21.0 
21.9 
21.6 
21.6 
20.7 
21.7 
18.6 
23.5 
20.3 
21.6 
21.6 
22.0 
21.0 

4.2 
4.1 
3.7 
3.9 
3.6 
3.8 
8.6 
3.8 
3.8 
4.2 
3.6 
3.6 
3.0 
4.4 

.98 

•        22 

.86 

*        23 

.81 

23 

.84 

•         24 

.76 

24 

.78 

•         25 

79 

26 

•        26 

.72 
.90 

•         26 

.86 

27 

.76 

27 

28 

.76 
.66 

28 

.92 
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The  week's  record  shows  that  the  lightest  yield  of  milk 
was  18.6  pounds  on  Thursday  evening  and  the  greatest 
yield  Friday  morning,  while  Sunday  morning  January  28th 
her  milk  contained  3  per  cent,  fat  and  in  the  evening  it  con- 
tained 4.4  per  cent.  fat. 

To  show  how  a  cow's  milk  may  vary  in  quality  during 
the  first  four  weeks  of  her  period  of  lactation  the  following 
record  of  Fairy,  a  grade  shorthorn,  is  given : 


TABLB  CVI.— Showinff  Yield  of  Milk  and  Per  Gent.  Fat  for  Four 
ConseontiTe  Weeks. 


FIRST    WEEK. 


Day  in 

A.  M. 

P.M. 

Total  for  the  Day 

Lactation 

Milk 

Per 

Cent. 

Fat 

7. 

6.4 

5.7 

6.1 

6.3 

6.1 

4.9 

But- 
ter 

l3L 

.63 
.78 
.89 
1.10 
1.02 
1.04 
1.02 

Millc 

Per 
Cent. 
Fat 

Bat- 
ter 
Fat 

Milk 

Per 
Cent. 
Fat 

But- 
ter 
Fat 

2d 

9.0 
13.6 
15.8 
18.0 
19.2 
20.5 
20.8 

9.7 
13.7 
15.0 
16.0 
16.7 
18.5 
17.0 

5.2 
6.1 
6.0 
5  2 
40 
4.7 
4.6 

.60 

.84 
.90 
.83 
.81 
.87 
.78 

18.7 
27.3 
30.8 
34.0 
35.9 
39.0 
37.8 

6.04 
6.75 
5.81 
5.68 
5.10 
4.90 
4.76 

1.13 

8d 

1.57 

*tli 

1.79 

Bth 

1.93 

6th 

1.83 

7th 

1.91 

8th 

1.80 

116.9 

5.50 

6.43 

106.6 

5.19 

6.53 

223.5 

5.36 

11.96 

Butter  BquiYalent,  A.  M. 

7.60 

P.M. 

6.46 

For  Week,     13.95 

SECOND    WEEK. 


Day  in 

A.  M. 

P.  M. 

Total  for  the  Day 

Lactation 

Milk 

Per 
Cent. 
Fat 

But- 
ter 
Fat 

Milk 

Per 
Cent. 
Fat 

But- 
ter 
Fat 

Milk 

Per 
Cent. 
Fat 

But- 
ter 
Fat 

9th 

21.3 
21.6 
20.0 
19.5 
16.6 
13.5 
16.6 

4.3 
4.1 
4.3 
4.2 
4.6 
6.3 
6.0 

.92 
.88 
.86 
.82 
.76 
.72 
.78 

18.0 
18.0 
16.2 
13.8 
12.0 
10.5 
18.5 

4.6 
4.5 
4.9 
6.2 
6.2 
6.9 
4.7 

.83 
.81 
.79 
.72 
.62 
.62 
.63 

39.3 
39.6 
36.2 
38.3 
28.6 
24.0 
29.0 

4.46 
4.27 
4.56 
4.62 
4.83 
6.68 
4.86 

1.75 

10th 

1  69 

11th 

1.65 

12th 

1.54 

18th 

1  38 

14th... 

1.84 

16th 

1.41 

128.0 

4.48 

5.74 

102.0 

4.92 

5.02 

230.0 

4.68 

10.76 

Butter  Bquiralent,  A.M. 


6.70 


P.M. 


5.86   !     For  Week,    12.56 
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Day  in 

A.M. 

D.  M. 

Total  for  the  Daj 

Lactation 

Milk 

Fer 

Cent. 
Fat 

Bnt- 

ter 

Fat 

Milk 

Per 
Cent. 
Fat 

But- 
ter 
Fat 

Milk 

Per 
Cent. 
Fat 

Bnt- 
ter 
Fai 

16th 

18.S 
19.2 
19.0 
19.0 
19.0 
21.6 
22.3 

4>.6 
4.6 
4.3 
4.1 
8.6 
3.5 
3.6 

.83 
.88 
.82 
.78 
.68 
.76 
.80 

16.7 
16.6 
16.8 
16.8 
18.1 
19.0 
17.6 

4.7 
5.1 
4.7 
3.9 
4.0 
3.8 
3.7 

.74 
.79 
.74 
.65 
.72 
.72 
.66 

34.2 
34.7 
34.8 
35.8 
37.1 
40.6 
89.8 

4.69 
4.81 
4.48 
3.99 
3.77 

3.i;3 

3.64 

1.67 

17th 

1.67 

18th... 

1.66 

19th 

1.43 

20th 

21«t 

1.40 
1  47 

22d 

1.46 

138.6 

4.0 

6.64 

118.4 

4.28 

5.01 

256.9 

4.11 

10.66 

Batter  Eqnival 

ent,  A 

M. 

6.46 

P.  M. 

5.86 

For  Week,    12.31 

FOURTH    WEEK. 


Day  in 

A.  M. 

P.  M. 

Total  for  the  Day 

Lactation 

Milk 

Per 
Cent. 
Pat 

But- 
ter 
Fat 

Milk 

Per 
Cent. 
Fat 

But- 
ter 
Fat 

Milk 

Per    1    But. 
Cent,  i    tcr 
Fat    ,    Fat 

23rd 

21.0 
19.6 
20.5 
21.0 
21.5 
21.5 
21.8 

3.6 
8.4 
3.5 
3.0 
8.2 
3.1 
3.1 

.70 
.66 
.72 
.63 
.68 
.66 
.68 

18.8 
18.0 
17.0 
18.0 

2.9 
3.8 
3.6 

.55 
.68 
.61 
.65 
.66 
.67 
.67 

89.8 
37.6 
37.5 
39.0 
39.9 
39.3 
39.8 

3.14 
3.56 
3.65 
3.28 
3.36 
3.13 
3.39 

1  2,*» 

24th 

1  34 

25th 

1  33 

26th 

1.28 

27th 

18.4*    3.6 

1.34 

28th 

17  8 

18.0 

3.2 
3.7 

1  23 

29th 

1.35 

146.9 

3.22 

4.78 

126.0 

3.48 

4.89 

272.9 

3.34 

9.12 

Butter  Bquival 

ent,  A 

M. 

6.52 

P.M. 

5.12 

For  Week,    10.64 

The  highest  test  during  the  first  week  was  7  per  cent., 
the  lowest  4.6,  and  the  average  for  the  week  5.35.  The  sec- 
ond week  the  highest  test  was  5.9,-  the  lowest  4.1,  and  the 
average  for  the  week  4.68.  The  third  week  the  highest  test 
was  5.1,  the  lowest  3.5;  and  the  average  for  the  week  4.11. 
The  fourth  week  the  highest  was  3.8,  the  lowest  2.9,  and  the 
average  for  the  week  3.34.  Her  average  test  for  the  year 
1896  was  3.98,  and  for  1897,  3.71.  Her  yield  of  milk  and 
butter  fat  was  during  the  four  weeks  as  follows: 
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1st  week  223.5  lbs.  milk,    11.96  butter  fat,    13.95  butter. 

2d  week  230.0  lbs.  milk,    10.76  butter  fat,    12.55  butter. 

3d  week  256.9  lbs.  milk,    10.55  butter  fat,    12.31  butter. 

4th  week  272.9  lbs.  milk,  9.12  butter  fat,  10.64  butter. 
As  she  increased  from  week  to  week  jn  the  flow  of  milk, 
she  decreased  in  the  yield  of  butter  fat.  She  was  to  all  ap- 
pearances under  normal  condition,  but  the  test,  which  is  a 
better  indicator  of  the  physical  condition  than  the  external 
appearances,  showed  otherwise. 

To  show  what  changes,  if  any,  take  place  in  the  flow  of 
milk  and  per  cent,  fat  because  of  change  of  feed,  the  follow- 
ing tables  are  given  showing  the  yield  of  milk,  per  cent,  fat 
and  total  fat  from  each  cow  and  from  the  herd  during  the 
periods  of  four  weeks  before  going  into  pasture,  and  the  first 
four  weeks  on  pasture ;  the  flow  of  milk,  per  cent,  fat  and 
total  fat  for  the  herd  each  daj',  and  for  each  week  during  the 
years  1895,  1896, 1897  and  1898. 


TABLB  OVU— Tield  of  Milk  and  Fat,  and  ATera^e  Per  Gent.  Fat  of  Bach 
Oow  for  Four  Weeks  Before  Ooin^  on  Paeture  and  for  Four  Weeks  After. 


1896 


NAME 


April  8th  to  May  Sth 
On  Dry  Feed 


May  eth  to  June  2d 
On  Pasture 


Milk 
Lbs. 


Per  Cent. 
Fat 


Fat 
Lbt. 


Milk 
Lbs. 


Percent. 
Fat 


Fat 
Lbs. 


Allie 

Bcckley  2 

Belle 

Bettie 

Countess 

Bthcl 

Houston 

Lou 

Lydia 

Nora 

OUvc 

Pride 

Quidee 

Reddy 

Sweet  Briar.. 

Topsy 

Tricksey 


Total 10855.7 


656.1 
356.1 
566.7 
321.1 

1139.4 
725.2 
681.3 
743.2 
712.8 
261.6 
565.6 
304.6 
692.4 
398.9 
727.0 

1064.6 
449.1 


Increase  in  yield 

Average  per  cow 

*•     weekly  per  cow.. 

**     daily  per  cow 

Percent,  incsease 


8.85 
6.39 
3.95 
6.26 
2.51 
3.76 
5.06 
3.63 
3.52 
6.04 
4.00 
4.54 
3.37 
6.24 
4.86 
3.69 
5.18 


25.26 
19.21 
22.00 
20.10 
28.63 
27.25 
34.49 
26.99 
26.11 
18.19 
22.64 
13.82 
23.36 
20.89 
85.24 
39.29 
23.26 


684.1 
423.2 
692.1 
366.9 

1186.3 
762.7 
742.9 
948.8 
662  6 
299.2 
639.6 
323.3 
805.2 
440.5 
801.2 

12645.6 
518.0 


4.06     420.72 


11442.1 


1086.4 

63.90 

16.97 

2.28 

10.49 


3.60 
6.41 
4.29 
6.17 
2.37 
3.79 
4.85 
8.37 
3.63 
5.23 
3.96 
4.73 
3.36 
5.34 
4.86 
3.62 
5.08 


24.61 
22.88 
25.38 
22.62 
28.09 
28.88 
86.05 
32.02 
24.06 
15.64 
26.32 
15.28 
25.83 
23.63 
38.91 
45.09 
26.31 


4.02 


460.60 


39.78 
2.34 
.585 
.083 
9.46 
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INVESTIGATION  IN  MILK  PRODUCTION. 


TABIiB  GVIII.-DaUy  Yield  of  Milk  and  Fat  and  Per  Gent.  Fat  of  Herd 
Before  Ooinff  on  Pasture  and  After. 


1896 


April     8.. 

9.. 
10.. 
11.. 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 
26.. 
26.. 
27.. 
28.. 
29.. 
30.. 

1.. 

2.. 

3.. 

4.. 

5.. 


M 


ay 


On  Drj  Feed 


On  Pastnre 


Milk 
Lbs. 


Total 10365.7 


363. 
367 
361 
348 
340< 
364 
369 
859 
364 
3fl6 
361 
361 
379 
370 
376 
368 
377 
872 
373 
868 
374 
376 
389 
887 
388 
885 
888 
380 


Per 
Cent 
Fat 


4.03 
4.O0 
4.04 
4.18 
4.36 
4.34 
3.99 
4.08 
4.06 
4.07 
4.10 
4.22 
3  97 
3.98 

3  98 
4.00 
4.07 
401 
3.95 
3.99 
4.18 
4.01 
3.93 

4  06 
3.88 
4.04 
4.09 
4.26 


4  06 


Pat 
Lbs. 


1896 


14.04 
14.81 
14  63 
14  66 
14.82 
16.38 

14  34 
14.68 
14.82 
14.87 
14.81 
16.06 

15  08 
14.76 
15.01 
14.76 
16.37 
14.96 
14.76 
14.71 
15.46 
16.07 
16.32 
16.77 
16.07 
16.60 
16.90 
16.22 


420.72 


May     6.. 

7.. 

8.. 

9.. 
10.. 
11.. 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 
26.. 
26.. 
27.. 
28.. 
29.. 
80.. 
31.. 
June    1.. 

2.. 


Milk 
Lbs. 


Per 

Cent 
Pat 


Pat 
Lbs. 


385.7 

4.29 

16.56 

379.2 

4.60 

17.07 

396.2 

4.62 

18.29 

401.2 

4.60 

18.07 

891.9 

4.84 

17  01 

866.0 

4.4« 

16.28 

413.4 

4.32 

17  85 

411.1 

414 

17.01 

413.2 

4.0O 

16.58 

390.2 

3.79 

14.82 

409  O 

4.0* 

16.52 

420.8 

4.01 

16.86 

427.7 

3.85 

16.48 

429.1 

3.75 

16.10 

419.2 

3.79 

15.90 

417.2 

3.83 

16.97 

431.4 

8.87 

16.68 

432.3 

3.71 

16.02 

429.0 

3.66 

16.66 

428.8 

3.66 

16.69 

422.4 

3.84 

16.22 

429.6 

3.83 

16.47 

414.6 

3.70 

16.34 

402.6 

3.90 

15.71 

882.7 

4.12 

16.77 

396.6 

4.30 

17.01 

394.7 

4.18 

16.60 

407.6 

3.96 

16.11 

11442.1 

4.02 

460.60 

Weekly  Variation. 


On  Dry  Feed 

On  Pasture 

laoK              Milk     Percent.      Pat 
^^^^               Lbs.           Pat           Lbs. 

1                 1                  1 

1895               M«. 

1 

Percent. 
Pat 

Pat 
Lbs. 

April    8-14 

••      16-21 

"      22-28 

*'     29-May6 

2485.4 
2562.3 
2611.2 
2696.8 

4.13 
4.06 
4.02 
4.04 

102.67 
104.08 
106.02 
108.96 

May    6-12 

••     13-19 

••     20-26 

••     27-June  2 

Total 

2783.6 
2901.1 
2980.3 
2827.1 

4.43 
3.94 
3.76 
8.99 

121.13 
114.82 
112  14 
112.91 

Total 

10365.7 

4.06 

420.72 

11442.1 

4  02 

▲ftOSO 

Digitized  by  VjOOQIC 


VARIATION   IN   FLOW  OF   MILK. 


501 


TABLE  CIX.— Yield  of  Milk  and  Fat  and  ArwAge  Per  Cent.  Fat  of  Each 
Cow  for  Four  Weeks  Before  Qoinff  on  Pasture  and  for  Four  Weeks  After. 


1896 


April  6tb  to  Maj  3d 
On  Dry  Peed 


May  4tfa  to  May  3lRt 
On  Pasture  " 


NAMB 


Milk 
JLbt. 


Per  Cent. 
Fat 


Total 
Pat 


Milk 
Lbs. 


Per  Cent 
Fat 


Total 
Fat 


Belle 

Dncfaess 

Bthel 

Fairy 

Fortune 

Hope 

Houston 

Ida , 

Hf^^::::::: 

Olive 

Pride  8 

Quidec 

Reddy 

Shortie 

Sweet  Briar.. 

Topsy 

Tricksey , 


686.6 
♦77.6 
379.9 
32t.4 
896.6 
694.1 
806.0 
642.6 
4>90.1 
800.0 
679.8 
373.8 
608.1 
421.8 
318.9 
604.9 
1079.2 
666.7 


4.20 
6.81 
4.34 
4.72 
4.96 
4.21 
6.41 
4.10 
3.98 
3.63 
4.27 
4.94 
3.70 
6.36 
5.06 
6.16 
3  86 
6.67 


2461 
27.09 
16.48 
16.27 
44.43 
26.02 
43.63 
22.26 
19.62 
28.20 
24.78 
18.46 
22.47 
26.82 
16.09 
26.06 
41.68 
30.94 


Total 1   10337.8 


4.58 


473.70 


Increase  in  yield  of  milk 

Average  increase  per  cow  in  yield  of  milk 

ATcra^e  weekly  increase  per  cow  in  yield  of  milk.. 

ATerase  daily  increase  per  cow  in  yield  of  milk 

Decrease  in  yield  of  fat 

Average  decrease  per  cow  in  yield  of  fat 

Average  weekly  decrease  per  cow  in  yield  of  fat 

Average  daUy  decrease  per  cow  in  yield  of  fat 

Per  cent,  increase 

Per  cent,  decrease 


678.1 
618.1 
364.6 
336.2 
820.3 
696.2 
744.9 
692.4 
661.9 
876.0 
626.2 
409.7 
610.4 
481.6 
400.1 
402.3 
941.2 
600.6 


10626.6 


188.8 
10.48 
2.62 
.374 


1.83 


3.98 
6.36 
3.93 
4.68 
4  81 
4.01 
4.08 
3.76 
3.72 
3.61 
4.08 
4.72 
.').62 
6.61 
4  61 
4  83 
8.94 
6.19 


26.97 
27.75 
13.94 
15.69 
39.45 
28.84 
38.28 
22.29 
20.91 
31.59 
26.61 
19.34 
21.13 
26.99 
18.43 
19.42 
37.07 
31.89 


4.37 


460.49 


13.21 
.742 
.186 
.0266 


2.79 
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INVESTIGATION  IN  MILK  PRODUCTION 


TABLB  ex.— DaUy  Variation  in  Milk  Flow,  Per  Gent.  Fat  and  ToUl 
Fat  of  the  Herd,  the  Oows  Beinir  Turned  Onto  Paetnre  Kay  4th. 


On  Dry  l^eed. 

On  Pasture 

1896 

Milk 

Per  Cent. 

Fat 

1896 

Milk 

Percent. 

Fat 

Lbs. 

Fat 

Lbs. 

Lbs. 

Fat 

Lbs. 

April    6... 

381.4 

4.64 

17.70 

May     4... 

357.3 

4.65 

16.62 

^*        7.... 

385.4 

4.71 

18.17 

*•         5... 

367.3 

4.77 

17.62 

8.... 

382.8 

4.75 

18.19 

6... 

380.8 

4.60 

17.15 

9.... 

383.6 

4.75 

18.24 

7... 

878.6 

4.74 

17.95 

••      10.... 

879.5 

4.80 

18.21 

8... 

398.7 

4.60 

18.13 

••      11^.. 

373.4 

4.61 

17.21 

9... 

389.8 

4.70 

18.33 

••      12.... 

868.6 

4.64 

17.10 

•       10... 

376.6 

4.33 

16.32 

••      13.... 

374.0 

4.61 

16.87 

"       11... 

388.0 

4.41 

17.13 

"      14.... 

366.6 

4.55 

16.68 

"       12... 

386.6 

4.19 

16.21 

••      16.... 

368.3 

4.62 

17.03 

"       13... 

372.0 

4.35 

16.18 

••      16.... 

356.7 

4.60 

16.41 

"       14... 

386.9 

4.58 

17.74 

"      17.... 

364.2 

4.66 

16.99 

'•       15... 

360.4 

4.53 

16.33 

♦*      18.... 

360.5 

4.56 

16.40 

••       16... 

381.8 

4.36 

16.66 

•      19.... 

360.0 

4  43 

15.96 

••       17... 

386.5 

4.36 

16.85 

••      20.... 

366.1 

4.55 

16.67 

"       18... 

378.4 

4.20 

15.88 

•'      21.... 

362.4 

4.54 

16.46 

"       19... 

391.3 

4.30 

16.83 

*•      22.... 

365.6 

4.51 

16.48 

•*       20... 

391.3 

4.09 

16.02 

*•      28.... 

368.8 

4.58 

16.91 

"       21... 

387.9 

4.05 

15.72 

"      24.... 

372.6 

4.48 

16.70 

••       22... 

390.5 

4.12 

16.10 

••      25.... 

368.0 

4.55 

16.76 

'*       23... 

380.1 

4.09 

15.56 

••      26.... 

369.9 

4.51 

16.69 

**       24... 

376.9 

4.20 

14.76 

••      37.... 

374.2 

4.49 

16.80 

*•       26... 

367.6 

4.21 

15.48 

•'      28.... 

370.8 

4.60 

16.68 

*•       26... 

364.7 

4.44 

16.18 

*•      29.... 

365.3 

4.65 

16.99 

•*       27... 

373.1 

4.29 

16.02 

•'      30.... 

363.4 

4.62 

16.78 

••       28... 

372.6 

4.42 

16.46 

May     1.... 

366.2 

4.54 

16.63 

••       29... 

365.3 

4.25 

15.11 

•'        2.... 

363.9 

4.44 

16.16 

•*       30... 

362.9 

4.44 

16.13 

"        8.... 

356.7 

4.45 

15.83 

••       31... 

847.9 

4.36 

15.12 

Total 

10337.8 

4.58 

473.70 

Total 

10526.6 

4.37 

460.49 

Weekly  Variation. 


On  Dry  Feed 

On  Pasture 

1896 

Milk 
Lbs. 

Per 
Cent. 
Fat 

Fat 
Lbs. 

1896 

Milk 
Lbs. 

Per 

Cent. 

Fat 

Fat 
Lbs. 

April     6-12.. 
"      13-19.. 
"      20-26. 
••    May  3.. 

2664.6 
2550.3 
2573.4 
2559.5 

4.70 
4.66 
4.53 
4.53 

124.82 
116.84 
116.67 
115.87 

May    4-10... 
••11-17... 
"     18-24... 
••     25-31... 

Total 

2644.0 
2662.1 
2696.4 
2544.1 

4.61 
4.40 
4.11 
4.34 

122.02 
117.10 
110.87 
110.50 

Total 

10337.8 

4.58 

473.70 

10546.6 

4.37 

460,49 
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TABLB  CXI.— Yield  of  MUk  and  Pat  and  Averaffe  Per  Cent.  Pat  of  Each 
Cow  for  Pour  Weeks  Before  Gh>lnff  on  Pasture  and  for  Pour  Weeks  After. 


1897 


NAME 


March  29th  to  April  25th 
Un  Dry  Feed 


Milk 
Lbs. 


Percent.     Pat 
Fat      !     Lbs. 


Countess 

Duchess 

Pairy 

FlyT 

l^tRgCttB 

Lil 

Short  ie 

Sweet  Briar.. 

Total.... 


1010.8 
488.6 

1010.8 
558.4 
662.6 
483.1 
443.4 
617.7 


5273.4 


2.80 
6.34 
3.44 
4.06 
3.92 
5.28 
4.92 
5.61 


4.26 


Increase  in  yield 

Avcrai^e  increase  in  yield  per  cow 

Average  weekly  increase  in  yield  per  cow. 

Average  daily  increase  in  yield  per  cow 

Per  cent,  increase 


28.35 
30.96 
34.78 
22.66 
25.99 
25.50 
21.80 
34.67 


224.71 


April  26th  to  May  23d 
On  Pasture 


Milk 
Lbs. 


1016.8 
526.3 
971.6 
659.7 
617.6 
603.2 
461.2 
76  4.5 

5620.9 


355.5 

44.43 

11.11 

1.58 

6.74 


Per  Cent 
Fat 


2.80 
6.23 
3.60 
3.70 
8.97 
5.16 
4.77 
6.31 


4.24 


Fat 
Lbs. 


28.60 
32.81 
34.93 
24.42 
24.64 
30.4O 
21.98 
40.57 


238.15 


13.44 

1.68 

.42 

.06 

5.98 


TABLB  CXn.— Daily  Variation  in  MUk  Plow.  Per  Cent.  Pat,  and  Total 
Pat  for  the  Herd,  the  Cows  Bein^  Turned  into  Pasture  April  20th. 


On  Dry  Feed 

On  Pasture 

189 

7 
29... 

Milk 
Lbs. 

192.7 

Per 
Cent. 
Fat 

Fat 
Lbs. 

1897 

Milk 
Lbs. 

188.4 

Per 

Cent. 

Pat 

Fat 
Lbs. 

March 

4.22 

8.14 

April    26 

4.14 

7.80 

•• 

30... 

202.0 

4.28 

8.64 

•'        27 

191.1 

4.38 

8.37 

•• 

31... 

198.4 

4.26 

8.44 

'•        28 

186.8 

4.58 

8.56 

April 

1... 

198.3 

4.19 

8.30 

29 

190.5 

4.50 

8.68 

2... 

193.7 

4.36 

8.43 

••        30 

188.6 

4.36 

8.23 

-• 

3... 

193.9 

4.21 

8.16 

May       1 

195.6 

4.24 

8.29 

•  • 

4... 

192.5 

4.33 

8.33 

••           2 

191.2 

4.63 

8.67 

5... 

192.7 

4.19 

8.08 

3 

198.7 

4.37 

8.68 

•• 

6... 

190.2 

4.31 

8.19 

4 

196.6 

4.22 

8.30 

•  • 

7... 

188.4 

4.25 

8.00 

6 

198.9 

4.22 

8.38 

•• 

8... 

189.0 

4.24 

8.02 

6 

201.0 

4.02 

8.08 

•  • 

9... 

189.0 

4.41 

8.33 

7 

200.8 

4.28 

8.69 

•• 

10... 

188.8 

4.31 

8.16 

8 

203.6 

4.11 

8.37 

*• 

11... 

184.0 

4.13 

7.59 

9 

199.6 

4.27 

8.53 

-« 

12... 

186.7 

4.35 

8.13 

10 

203.7 

4  39 

8.94 

•  • 

13... 

179.3 

4.52 

8.11 

11 

197.0 

4.18 

8.24 

•  « 

14... 

179.1 

4.43 

7.93 

12 

203.5 

4  26 

8.66 

•  • 

15... 

176.8 

4.46 

7.89 

13 

204.8 

4.21 

8.63 

•  • 

16... 

187.1 

4.13 

7.72 

14 

207.1 

4.14 

8  57 

•• 

17... 

183.6 

4.12 

7.66 

15 

209.4 

4.32 

9.06 

•  • 

18... 

185.0 

4.10 

7.58 

16 

209.4 

4.35 

9.11 

•  • 

19... 

183.5 

4.37 

8.02 

17 

204.7 

4.20 

8.5H 

•  • 

20... 

180.6 

4.21 

7.61 

18 

206.2 

4.18 

8.61 

•• 

21... 

179.8 

4.21 

7.57 

19 

209.4 

4.00 

8.36 

•  • 

22... 

187.6 

4.23 

7.96 

20 

215.0 

4.00 

8.60 

•  « 

23... 

187.9 

4.17 

7.83 

21 

209.9 

4.15 

8.71 

•  • 

24... 

193.6 

4.11 

7.96 

22 

206.2 

4.02 

8.28 

•• 

25... 

191.2 

4.21 

8.04 

23 

Total 

203.4 

4.12 

8.38 

Total 

6276.4 

4.26 

224.71 

6620.9 

4.24 

238.16 
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Weakly  Variation. 


On  Dry  Feed 


On  Pasture. 


1897 


Mar.  29-Ai)r.  4.. 
April    5-11 

♦♦      12-18 

"      19-26 

Total 


Milk 
Lbs. 

1371.5 
1322.1 
1277  6 
1304.2 

Per 

Cent. 

Fat 

4.2«i 
4.26 
4.30 
4.22 

Fat 
Lbs. 

58.44 
56.37 
54.92 
54.98 

5275.4 

4.26- 

224.71 

1897 


April  26-May  2 
May     3-9 

••      10-16 

•*      17-23 

Total 


238.15 


TABL£  CZIII.—  Tield  of  Milk  and  Fat  and  Ayeraffe  Per  Cent.  Fat  of  Each 
Gow  for  Four  Weeks  Before  Goin^  on  Pasture  and  for  Four  Weeks  After. 


NAMB 


Alzanka 

Alzanka  2 

Bess  2 

Bettie  C 

Coiintess 

Conntets  2 

Dajsy 

Fairy  B 

Flora 

Fly  T 

Golden  Fairy.. 

Honston 

Jet 

Lou  2 

Nora 

Pride  2 

Spot 

Svveet  Briar..., 

Topsy  3 

Vellow  Belle..., 
VTouns^  Daisy.. 


Total 9223.0 


ApHl  4tfa  to  May  1st 
On  Dry  Feed 


Milk 
Lbs. 


Per 
Cent. 
Pat 


280.9 
466.61 
664.6 
573.71 
947.7 
621.3 
457.7 
447.8 
377.5 
682.8 
431.5 
173.3 
295.6 
867.4. 
421.8 
397.5 
357.0 
251.7 
343.9 
408.7 
254.0 


5.45 
4.99 
3.83 
4.33 
2.95 
3.19 
4.77 
4.81 
5.08 
3.87 
4.66 
5.64 
4.86 
3.85 
4.76 
4.74 
4.77 
5.16 
4.56 
4.65 
5.77 


4.87 


Increase  in  yield 

Average  increase  per  cow 

Averajre  wecklv  increase  per  cow. 
Average  daily  increase  per  cow.... 
Per  cent,  increase 


Total 
Fat 


May  2d  to  29th 
On  Pasture 


Milk 
Lbs. 


Per 
Cent. 

rat 


15.30 
23.26 
35.46 
24.81 
27.91 
19.84 
21.84 
21.63 
19.19 
26.44 
20.09 
9.60 
14.42 
14.27 
20.04 
18.87 
17.04 
14.00 
15.72 
19.08 
14.64 


403.30 


324.5 
521.0 
822.8 
677.0 
953.4 
781.6 
667.7 
532.3 
473.9 
807.2 
431.7 
216.0 
277.9 
609.8 
630.3 
477.0 
417.8 
241.0 
362.9 
460.4 
274.8 


10641.O 


1418.0 

67.02 

16.88 

2.41 

15.37 


5.33 
5.14 
3.66 
4.49 
2.93 
3.05 
4.69 
4.96 
6.13 
3.89 
4.81 
5.55 
5.15 
3.72 
4.72 
4.83 
4.94 
5.43 
4.83 
4.75 
5.81 


4.39 


Total 
Fat 


17.30 
26.76 
30.07 
30.41 
37.»9 
23.86 
2615 
26.43 
24.29 
31.38 
30-78 
11.98 
14.31 
18.98 
25.03 
23.03 
30.63 
18.06 
17.06 
31.89 
15.97 


467.24 


63.94 

3.04 

.76 

.108 

19.86 
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TABLB  CXry.—Daily  Variation  in  Milk  Flow,  Per  Cont.  Fat  and  Total 
Fat  for  the  Herd,  the  Cows  Bein^  Tamed  onto  Pasture  May  2d. 


On  Dry  Peed 

On  Paatttre 

1898 

MHk 
Lbs. 

Per 
Cent. 
Pat 

Fat 
Lbs. 

1898 

Milk 
Lbs. 

Per 
Cent. 
Pat 

Pat 
Lbs. 

April    4 

328.3'     4.66 

15.30 
16.49 
14.78 
14.94 
14.69 
14.28 
14.31 
14.66 
13.88 
14.38 
14.72 
14.89 
16.10 
16.16 
14.71 
14.79 
14.49 
14.49 
13.83 
l.^.«f> 

Ma 

V     2 

324.7 
330.0 
346.6 
348.2 
360.1 
360.7 
368.3 
380.7 
393.4 
389.6 
385.3 
366.0 
377.9 
376.7 
371.5 
356.9 
359.5 
354.3 
403.1 

4.24 
4.53 
4.66 
4.69 
4.60 
4.06 
4.38 
4.44 
4.41 
4.65 
4.48 
4.41 
4.33 
4.32 
4.46 
4.46 
4.40 
4.40 
4.55 
4.40 
4.33 
4.37 
4.30 

4.  9M 

13  77 

••         5 

331.3 
343.9 
386.8 
333.3 
325.5 
323.2 
828.5 
330.3 
331  3 

4.68 
4.30 
4.44 
4.38 
4.39 
4.43 
4.43 
4.20 

A.  tiA. 

^  3:;::;.;::::; 

14.94 

••         6 

4 

16  15 

7 

5 

16.34 

8 

6 

15.77 

••         9 

7 

14  63 

•♦       10 

8 ^ 

9     

16.13 

'•      11 

16  90 

'•       12 

10 

1  7.33 

••       13 

11 

17  73 

"       14. 

338.7      A  .IK 

12 

17  28 

••      16 

346.5 
338.9 
340.7 
342.6 
318.4 
322.5 
330.6 
322.7 
318.2 
331.7 
320.3 
333.1 
328.5 
321.0 
321.7 
319.9 
314.6 

4.30 
4.46 
4.45 
4.29 
4.64 
4.49 
4.88 
4.29 
4.34 

13 

16.11 

••       16 

14 

16  36 

••      17 

15 

16.29 

••       18 

16 

16  53 

'*       19 

17 

18 

15.88 

"       20 

16.82 

♦•       21...'. 

19  .... 

15  68 

'•      22 

20 

18.36 

••       23 

.21 

415.9 

17.90 

•'      24 

4.47         14.82 
4.47         14.31 
4.25         14.16 
4.24         13.93 

4.19  13  46 

4.20  13.50 
3.98        12.76 
4.41         13.88 

22 

418.8 
416.6 
418.2 
410.7 

18.13 

••       25 

23 

18.21 

••      26 • 

24 

18.00 

•*-      27 

25 

17.50 

••      28 ^ 

26 

405.9'     A. 17 

16.93 

•«       29 

27 

xin.R 

4.18 
4.42 
4.44 

17.14 

•*      30 

2« aoo.2 

17.66 

May     1 

••     29 ...^      402.8 

17.87 

Total 

9223.0 

4.37     Annua 

Tntal                     11064.1   O 

4.39 

467.24 

1 

Weekly  Variation, 


On  Dry  Peed 

On  Pastnre 

1898 

Milk 
Lbs. 

Per 
Cent. 
Fat 

Pat 
Lbs. 

1898 

Milk 
Lbs. 

Per 
Cent. 
Pat 

Pat 
Lbs. 

April     4-10 

"       11-17 

"       18-24 

••       25-May  1 

2322.3 
2354.9 
2286.7 
2269.1 

9223.0 

4.46 
4.36 
4.41 
4.25 

4.37 

103.69 

102.69 

100.93 

95.99 

May    2-  8 

9-15 

*•      16-22... 

"      23-29 

Total 

2428.5 
2668.6 
2680.0 
2863.9 

4.44 
4.42 
4.41 
4.31 

107.73 
118.00 
118.20 
123.31 

Total 

403.30 

10641.C 

4.39 

467.24 

Since  it  is  the  practice  to  feed  the  cows  during  the  winter 
some  succulent  food,  such  as  ensilage  or  roots,  it  is  not  ex- 
pected that  any  great  change  will  take  place  when  turned 
onto  pasture.     Had  the  cows  been  on  dry  feed  only,  two  or 
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three  months  before  going  to  pasture,  more  definite  results 
might  have  been  obtained.  During  the  latter  part  of  the 
winter  of  1895  and  up  to  the  time  of  going  to  pasture,  which 
was  on  May  6th,  the  cows  received  a  ration  composed  of  9 
pounds  of  grain,  14  of  hay  and  9  of  roots.  The  roots  were 
discontinued  and  the  grain  and  haj"  gradually  reduced,  and 
after  the  second  week  they  received  on  an  average  2  pounds 
of  grain  per  day.  The  average  daily  increase  was,  in  milk, 
2.28  pounds,  and  butter  fat  .08  pounds,  being  an  increase 
in  round  numbers  of  10.5  per  cent,  in  milk  and  9.5  in  butter 
fat.  The  average  per  cent,  fat  of  the  milk  of  the  herd  for  the 
period  of  four  weeks  before  going  onto  pasture  was  4.06  and 
for  the  first  four  weeks  on  pasture  4.02.  The  greatest  vari- 
ation in  the  test  of  the  herd's  milk  before  going  on  to  pasture, 
for  two  consecutive  days,  was  4.35  on  the  13th  of  April  and 
3.99  on  the  14th.  During  the  first  12  days  on  pasture  the 
test  fell  below  4  per  cent,  only  once,  while  during  the.  12 
days  following  it  never  tested  as  high  as  4  per  cent.  The 
average  weekly  test  of  the  herd's  milk  was  always  above  4 
per  cent,  before  going  to  pasture.  While  the  test  for  the  first 
week  on  pasture  was  4.4,  the  second  week  it  was  3.9, 
being  a  variation  in  a  week  of  a  half  of  1  per  cent. 

In  the  spring  of  1896  the  cows  received  as  a  standard 
ration  8  pounds  of  hay,  14  of  grain  and  20  pounds  of  ensil- 
age. During  the  first  week  when  on  pasture  the  ensilage 
and  hay  were  gradually  discontinued  and  the  grain  was  re- 
duced so  that  the  cows  received  from  two  to  four  pounds  of 
grain.  The  daily  increase  in  yield  of  milk  was  only  a  trifle 
over  one-third  of  a  pound,  and  the  fat  decreased  .02  of  a 
pound.  The  average  test  of  the  herd  during  four  weeks  be- 
fore going  onto  pasture  was  4.58,  while  the  average  test  of 
the  herd  during  the  first  four  weeks  on  pasture  was  4.37.  The 
yield  of  milk  increased  during  the  four  weeks  1.83  percent,  and 
the  butter  fat  decreased  2.79  per  cent.  The  greatest  varia- 
tion on  two  consecutive  days  in  the  per  cent,  fat  of  the  milk 
from  the  herd  was  4.80  on  the  10th  of  April  and  4.61  on  the 


Digitized  by  VjOOQIC 


VARIATION  IN  FLOW  OP  MILK.  507 

11th,  and  after  going  to  pasture,  4.70  on  the  9th  of  May 
and  4.33  on  the  10th.  The  greatest  weekly  variation  was 
when  the  average  test  for  the  herd  for  the  week  ending  May 
24th  was  4.11  and  for  the  week  ending  May  31st,  4.34. 

In  the  spring  of  1897  when  the  cows  were  fed  in  the 
bam  they  received  a  ration  composed  of  11  pounds  of  grain 
and  33  pounds  of  ensilage.  They  were  turned  into  pasture 
April  26th  and  the  ensilage  gradually  withdrawn  the  first 
week  and  the  grain  ration  reduced  to  from  2  to  4  pounds 
each.  During  the  first  four  weeks  that  the  herd  was  in 
pasture  the  average  daily  gain  in  the  flow  of  milk  was  1.58 
pounds  per  cow  and  the  average  daily  gain  in  butter  fat 
was  .06  of  a  pound  or  practically  a  half  a  pound  of  butter 
per  week.  The  daily  increase  in  milk  6.74  per  cent,  and  of 
butter  fat  5.98  per  cent.  The  greatest  variation  in  the 
quality  of  milk  was  that  from  the  Guernsey  Sweet  Briar, 
whose  milk  tested  on  an  average  5.61  before  going  onto 
pasture  and  5.31  during  the  first  four  weeks  on  pasture. 
The  average  test  of  the  herd  during  the  four  weeks  be- 
fore going  to  pasture  was  4.26,  and  the  first  four 
weeks  on  pasture  4.24.  The  greatest  variation  in  the 
per  cent,  fat  in  the  milk  from  the  herd  before  going  to  pas- 
ture was  when  it  tested  4.46  on  the  15th  of  April  and  4.13 
on  the  16th.  The  first  day  the  herd  was  on  pasture  the  milk 
tested  4.14  and  the  second  day  it  tested  4.38.  The  milk 
from  the  herd  during  the  first  week  in  pasture  tested  4.39 
and  the  second  week  it  tested  4.21,  or  a  difference  of  practi- 
cally two  points  in  two  consecutive  weeks. 

During  the  spring  of  1898  before  going  to  pasture  the 
cows  were  fed  a  ration  composed  of  two  parts  each  of  grain 
and  roots  and  three  parts  of  hay.  They  were  turned  on  a 
blue  grass  pasture  that  was  making  rapid  growth,  the 
2d  day  of  May.  Their  daily  average  increase  in  the  flow  of 
milk  was  2.41  pounds  and  their  daily  average  gain  in 
butter  fat  was  .1  pound.  The  increase  in  milk  was  15.37 
per  cent,  and  of  butter  fat  15.85  per  cent.    The  average  test 
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of  the  herd  during  the  last  four  weeks  on  stall  feed  was  ^.S? 
and  the  first  four  weeks  on  pasture  4.39.  The  greatest 
variation  in  the  fat  content  of  ipilk  was  Jet's  that  tested 
4.86  before  going  to  pasture  and  5.15  on  pasture.  The 
greatest  variation  in  the  test  of  milk  from  the  herd  was 
3.98  April  30th  and  4.41  May  1st.  On  the  6th  of  May  when 
on  pasture  the  milk  tested  4.50  and  on  the  7th  it  tested 
4.06. 

In  the  foregoing  tables  comparison  was  made  with 
reference  to  variation  in  flow  of  milk,  yield  of  butter  fat  and 
per  cent,  fat  content,  during  a  period  of  four  weeks  before 
going  to  pasture  and  a  period  of  the  first  four  weeks  on 
pasture.  In  examining  the  records  in  detail  it  was  found 
that  cows,  as  a  general  rule,  during  the  last  week  that  they 
are  on  dry  feed  give  milk  containing  less  per  cent,  of  fat  than 
that  yielded  one  or  two  weeks  immediately  preceding  it, 
and  that  during  the  first  week  on  pasture  it  contains  a 
greater  per  cent,  fat  than  it  does  the  last  week  on  dry  feed, 
indicating  that  these  variations  are  due  to  other  influences. 
The  decrease  in  the  quality  of  the  milk  during  the  week 
immediately  preceding  the  first  week  on  pasture  is  probably 
due  to  discontent  because  of  a  desire  to  go  to  pasture,  and 
the  increase  in  the  per  cent,  of  fat  during  the  first  week  is 
probably  due  to  excessive  exercise  in  roaming  over  the  pas- 
ture. To  show  more  in  detail  the  variation  in  yield  and 
quality  of  milk  when  on  stall  feed  and  when  in  pasture, 
tables  are  submitted  showing  the  yield  of  milk  and  but- 
ter fat  and  the  per  cent,  fat  contained  in  the  milk  for  four 
periods  of  two  weeks  each  before  cows  were  turned  on  pas- 
ture and  for  four  periods  after.  The  tables  show  the  in- 
fluence of  feed  on  the  yield  of  milk  and  butter  from  each  cow 
and  on  the  herd  during  a  period  of  four  years. 
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TABI<B  0XV.--OiTlnff  Tield  of  XUk  for  Four  Periods  of  Two  Weeks  Baoh 
Before  Oows  Went  on  Pasture  and  for  Four  Periods  After. 


1895 


On  Dry  Feed 


On  Pasture 


Belle 

Countess 

Bthel 

Houston 

Lou 

LTdia 

Olive 

Pride 

Quidee, 

Sweet  Briar. 
Topsy 

Total 


276.3 

609.7 

396.2 

355.9 

470.1 

858.8  I 

306.9 

153.8 

374.7 

361.2 

5«0.5 


264.8 
571.9 
385.4 
844.5 
433.7 
366.5 
278.1 
143.6 
356.4 
362.4 
582.3 


I 


257.4 
561.4 
364.2 
339.3 
356.9 
328.9 
277.8 
148.9 
336.3 
356.7 
508.6 


4224.1   4089.6  3836.4 


299.3 
578.0 
361.0 
342.0 
386.3 
330.0 
287.8 
155.7 
356.1 
370.8 
555.5 


4022.0 


307.3 
578.9 
383.9 
367.2 
454.5 
354.3 
324.5 
162.0 
388.3 
390.6 
609.3 


4320.8 


282.2 

307.9 

607.4 

596.8 

378.8 

364.8 

393.6 

308.8 

494.3 

478.3 

355.6 

330.9 

815.1 

296.1 

162  2 

159.2 

416.9 

392.2 

411.3 

4013 

636.2 

602.1 

4463.6 

4233.4 

273.4 
532.4 
348.5 
307.3 
443.8 
278.4 
271.8 
144.6 
367.9 
367.8 
571.8 


3897.7 


TABLB  OXTI.—aiTinff  Tield  of  Xilk  for  Four  Periods  of  Two  Weeks  Baoh 
Before  Cows  Went  on  Pasture  and  for  Four  Periods  After. 


1896 

On  Dry  Peed 

On  Pasture 

Belle 

Duchess 

297.5 
289.7 
237.9 
159.6 
473.5 
417  6 
280.3 
417.9 
288.0 
145.5 
324.8 
684.1 

284.2 
240.9 
222.2 
156.5 
470.0 
417.4 
282.9 
414.1 
291.9 
153.6 
312.9 
571.6 

293.2 
248.6 
191.3 
166.9 
462.7 
410.6 
266.6 
405.7 
282.4 
153.0 
271.3 
563.1 

284.8 
233.9 
188.6 
154,1 
432.9 
395.4 
277.0 
394.3 
297.4 
165.9 
233.6 
616.1 

341.8 
260  6 
178.5 
179.1 
416.1 
375  0 
296.5 
436  5 
320.6 
199.3 
217.2 
486.8 

336.8 
267.5 
176.0 
178.4 
404.2 
369.9 
294.9 
438.5 
304.6 
200.8 
185.1 
454.4 

289.0 
223.9 
161.6 
2183 
382.0 
375.1 
286.8 
411.4 
272.4 
209.5 
170.9 
426.1 

266.8 
215.5 

Bthel 

Fairy 

146.7; 
243.2 ' 

Portune 

406.41 

}f  ouston 

371.6* 

Ida 

296.4t 

Lydia 

Olive 

Shortie 

Sweet  Briar 

TODSV 

380.6 
261.3 
187  7' 
180.2 
425.9 

Total 

3866.4 

3818  2 

3709.3 

3573.5 

3708.0 

3600.6 

3427.0 

3382.1 

TABLB  0XVn.-OiTin9  Tield  of  Xilk  for  Four  Periods  of  Two  Weeks  Baoh 
Before  Oows  Went  on  Pasture  and  for  Four  Periods  After. 


1897 

On  Dry  Peed 

On  Pasture 

Countess 

546.4 
261.1 
274.7 
342.6 
265.6 
240.3 
313.5 

536.8 
245.9 
265.9 
323.2 
244.6 
227.1 
296.0 

618.8 
245.0 
279.2 
325.4 
256.3 
232.1 
300.2 

692.0 
243.6 
279.2 
337.2 
226.8 
210.4 
317.1 

511.6 
236.0 
316.3 
314.8 
271.6 
232.5 
358.6 

506.0 
291.3 
343.4 
302.8 
331.6 
228.7 
405.9 

486.1 
269.6 
321.6 
253.9 
319.8 
211.5 
360.8 

466.7 

Duchess 

Fly  T 

272.1 
285.7 

i\f^'^:::z::z: 

Shortie 

208.1 
300.8 
195.1 

Sweet  Briar 

332.1 

Total 

2234.2 

2139.5 

2167.0 

2206.3 

2241.4 

2408.7 

2223.3 

2060.6 
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TABLB  OXVm.— OivinffTieldof  Milkfor  Four  Periods  of  Two  Waeka 
Eaoh  Before  Oowe  Went  on  Pasture  and  for  Four  Periods  After. 


1898 

On  Dry  Feed 

On  Pasture 

Altanka 

128.5 
250.7 
276.3 
298.8 
578.6 
387.3 
268.4 
214.5 
189.4 
329.7 
174.7 
250.5 
237.7 
204.8 
172.9 
224.6 
130.3 

144.1 
249.5 
285.6 
294.5 
538.0 
288.5 
229.1 
225.5 
200.0 
344.1 
179.1 
234.1 
237.1 
196.3 
187.9 
216.9 
144.2 

187.9 
236.6 
324.7 
291.0 
491.6 
310.8 
229.1 
222.0 
194.8 
844.3 
173.3 
22S.9 
230.2 
196.3 
178  1 
211.6 
132  4 

143.0 
280.0 
339.9 
282.7 
456.1 
310.5 
228.6 
225.8 
183.2 
338.5 
178.9 
207.6 
191.6 
201.2 
178.9 
197.1 
121.6 

156.6 
259.3 
400.1 
324r8 
440.2 
364.9 
273.9 
264.1 
219.0 
388.2 
193.1 
191.0 
254.0 
232.2 
206.1 
224.2 
129.9 

167.9 
261.7 
422.7 
352  2 
513.2 
416.7 
283.8 
268.2 
254.9 
419.0 
209.6 
240.7 
276.3 
244.8 
211.7 
236.2 
144.9 

172.7 
270.0 
415.7 
875.6 
494.9 
413.6 
284.1 
266.6 
226.7 
408.O 
268.0 
257.8 
283.0 
246.9 
214.4 
247.6 
144.9 

Alzanka  2 

225.4 

Bess 

370.9 

Betty  2 

342.2 

Countess... 

414.9 

Comitess  2 

870.8 

Daisy 

252.4 

Fairy  B 

211.2 

Flora 

186.6 

Ply  T 

388  2 

Porttine2 

Golden  Fairy 

Nora 

261.9 
224.0 
252.0 

Pride 

206.5 

Spot 

Yellow  Belle 

Youns  Daisy 

183.8 
213.1 
130.3 

Total 

4267.2 

4194.5 

4128.1 

4010.2 

4521.6 

4924.5 

4990.3 

4184.1 

WithontAUanka 

4138.7 

4050.4 

3990.2 

3867.2 

4365.0 

4756.6 

4817.6 

4184.1 

TABLB  CXIZ.~Tield  of  Milk  for  Four  Periods  of  Two  Weeks  Each  Before 
Ck>ws  Went  on  Pasture  and  for  Four  Periods  After. 


YEAR 

On  Dry  Feed 

On  Pasture 

1895 

4224.1 
3866.4 
2234.2 
4138.7 

4039.6 
3818.2 
2139.6 
4050.4 

8836.4 
3709.3 
2157.0 
3990.2 

4022.0 
3573.5 
2206.3 
3867.2 

4320.8 
3708.0 
2241.4 
4365.0 

4453.5 
8600.6 
2408.7 
4756.6 

4233.4 
3427.0 
2228.3 

4817.6 

3897.7 

1896 

3382.1 

1897 

2060.6 

1098 

4184.1 

Total 

14463.4 

14047.7 

13692.9 

13669.0 

14635.2 

15219.4 

14710.3 

13524.6 

TABLB  0XX.--OiTinff  Yield  of  Butter  Fat  for  Four  Periods  of  Two  Weeks 
Baoh  Before  Ck>ws  Went  on  Pasture  and  for  Four  Periods  After. 


1895 

On  Dry  Feed 

On  Pasture 

r 

Belle 

Countess 

11.67 
14.41 
17.17 
19.36 
16.84 
12.30 
12.64 
8.00 
13.45 
19.18 
21.58 

11.26 
15.14 
16.05 
17.82 
16.04 
12.57 
11.79 
6.91 
12.79 
18.64 
20.40 

10.61 
14.51 
14.12 
17.24 
13.00 
12.36 
10.98 
6.90 
11.25 
17.48 
18.94 

11.89 
14.12 
13.13 
17.25 
13.99 
11.47 
11.66 
6.97 
12.10 
17.76 
20.85 

13.04 
14.67 
14.90 
18.77 
15.93 
13.37 
13.32 
8.18 
12.96 
20.26 
22.64 

12.31 
13.42 
13.98 
17.28 
16.09 
12.40 
11.93 
7.10 
12.87 
18.63 
22.45 

12.87 
13.79 
13.13 
14.52 
15.99 
12.50 
10.96 
6.86 
11.67 
17.95 
23.89 

11.59 
12.93 

Bthel 

13.16 

Houston 

16.90 

Lou 

15.84 

Lydia 

10.90 

Olive 

11.66 

Pride 

6.27 

Quidec 

Sweet  Briar 

Topsy 

11.37 
18.11 
22.62 

Total 

166.60 

159.41 

147.89 

150.69 

168.04 

158.46 

154.13 

150.75 
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TABIjE  CXXI.-aivinff  Yield  of  Butter  Fat  for  Four  Periods  of  Two  Weeks 
Each  Before  Oows  Went  on  Pasture  and  for  Four  Periods  After. 


1896 

On  Dry  Peed 

On  Pasture 

Belle 

Duchess 

Bthel 

11.35 

12.73 

9.64 

6.96 

21.09 

20.13 

10.79 

13.75 

11.62 

7.44 

16.05 

20.81 

11.68 

13.39 

8.94 

7.66 

20.63 

21.33 

10.67 

13.83 

11.70 

7.44 

15.25 

19.18 

12.29 

14.06 

8.60 

7.71 

22.58 

22.44 

11.38 

14.69 

12.27 

7.92 

14.13 

21.66 

12.32 

13.03 

7.88 

7.26 

21.85 

21.19 

10.88 

12.59 

12.51 

8.17 

11  93 

19.92 

14.06 

14.28 

7.00 

8.43 

20.31 

19.86 

11.68 

16.33 

13.41 

9.58 

10.86 

19.71 

12.91 

13.47 

6.94 

7.75 

19.14 

18.43 

10.61 

15.26 

12.10 

8.85 

8.56 

17.36 

11.46 

11.78 

6.16 

9.08 

17.51 

17.34 

10.61 

14.52 

10.99 

9.71 

8.04 

16.64 

10.81 

11.26 

6.4C 

Pairj 

9.06 

piof^tine 

17.39 

Houston 

17.54 

Ida 

10,67 

L,Tdla 

13.83 

Olive 

10.S2 

Shortie 

8.96 

Sweet  Briar 

Topsy 

8.82 
15.91 

Total 

162.36 

161.65 

169.73 

159.53 

165.50 

151.38 

142.73 

140.60 

TABLE  CXXII.-aivinff  Yield  of  Butter  Fat  for  Four  Periods  of  Two 
Weeks  Each  Before  Cows  Went  on  Pasture  and  for  Four  Periods  After. 


1897 


Countess 

Duchess , 

FlyT 

Lig^etta 

Lil 

Shortie 

Sweet  Briar, 

Total 


On  Dry  Peed 


15.40 
15.221 
10.80 
18.49 
14.30 
11.90 
17.20 


98.31 


15.29 
15.43 
10.72 
12.44 
13.43 
11.34 
17.05 


95.70 


14.78 
15.51 
11.13 
12.81 
13.81 
11.70 
17.16 


18.57 
15.45 
11.53 
18.12 
11.69 
10.10 
17.51 


96.90  92.97 


On  Pasture 


14.39 

14.11 

12.82 

13.03 

16.03 

16.78 

14.74 

14.12 

12.32 

12.10 

11.38 

10.h9 

12.70 

11.85 

9.73 

8.03 

13.86 

16.64 

15.33 

16.36 

11.37 

10.57 

9.74 

9.93 

19.30 

21,27 

17.42 

16.96 

99.97 

108.22 

91.11 

88.32 

TABLE  CXXin.— OlTinff  Yield  of  Butter  Fat  for  Four  Periods  of  Two 
Weeks  Each,  Before  Cows  Went  on  Pasture  and  for  Four  Periods  After. 


1898 


On  Dry  Peed 


Alzanka 6.99 

Alzanka2 ;     10.61 

Bess 

Betty  2 

Countess 

Countess  2.. 

t>atsy 

Fairy  B 

Flora 

Fly  T 

Fortune  2.. 


11.69 
12.75 
15.29 

9.84 
12.50 

9.88 

9.19 
12.76 

9.30 
Golden  Fairy 10.12 


Nora.. 

Pride 

Spot 

Yellow  Belle... 
Youns  Daisy.. 


Total.. 


10.17 
9.42 
7.81 
9.14 
7.07 


174.52 


8.08 
12.55 
11.98 
12.82 
15.09 
10.11 
11.71 
11.00 
10.43 
13.77 

9.55 
10.46 
11.12 

9.32 

9.43 
10.35 

8.15 


186.92 


7.64 
11.98 
12.67 
12.80 
14.65 
10.13 
11.08 
10.69 

9.91 
13.42 

931 
10.34 
10.79 

9.55 

8.63 
10.05 

7.71 


181.25 


7.66 

10.93 

12.79 

12.01 

12.33 

9.71 

10.76 

10.84 

9.29 

13.00 

9.17 

9.75 

9.26 

9.32 

8.51 

8.98 

6.93 


171.24 


WithoutAlzanka  167.53  177.84   173.61   163.58 

t  I  I  ' 


On  Pasture 


8.68 
13.28 

8.62 
13.53 

7.86 
12.81 

11.36 

14.93 

15.14 

13.65 

13.60 

14.11 

16.30 

16.44 

14.98 

13.34 

14.56 

13.18 

11.04 

11.55 

12.31 

11.35 

9.91 

13.01 

18.14 

12.46 

11.29 

12.91 

13.51 

12.03 

10.04 

11.21 

13.08 

10.86 

9.78 

15.04 

16.34 

15.21 

12.91 

10.61 

11.53 

13.78 

13.79 

9.61 

11.17 

11.68 

10.31 

11.94 

13.09 

12.25 

11.43 

11.00 

12.03 

11.37 

9.94 

10.07 

10.55 

9.55 

8.73 

10.83 

11.06 

10.87 

9.27 

7.74 

8.28 

7.76 

7.42 

199.81 

214.18 

203.09 

176.69 

t»i.a3 

206.66 

196.23 

175.69 
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TABLE  CXXIV.— CUvioff  Yield  of  Butter   Pat  for  Four   Periods  of  Two 
Weeks  Each  Before  Oows  Went  on  Pasture  and  for  Pour  Weeks  After. 


YEAR 

On  Dry  Feed 

On  Pastnre 

1895 

1896 

1897 

166.60 

162.36 

98.81 

167.53 

159.41 

161.65 

95.70 

177.84 

147.39 

169.73 

96.90 

173.61 

150.69 

169.53 

92.97 

163.58 

168.04 

166.60 

99.97 

191.13 

158.46   154.18 
151.38   142.73 
103.22      91.11 
205.56   195.23 

150.75 

140.5O 

88  32 

1898 

175.69 

Total 

.594.80 

694.60 

587.63 

566.77 

624.64 

618.62   583.20 

555.20 

TABLE  OXXV.— Givinff  Averaffe  Per  Cent.  Pat  for  Pour  Periods  of  Two 
Weeks  Each  Before  Cows  Went  on  Pasture  and  for  Pour  Periods  After. 


1896 


On  Dry  Peed 


On  Pasture 


Belle 

Countess 

Bthel , 

Houston 

LrOU 

Lvdia 

Oiive 

Pride 

Quidee 

Sweet  Briar. 
Topsy 

Average.... 


4.22 

4.25 

4.12 

3.81 

4.24 

4.36 

4.18 

2.36 

2.65 

2.58 

2.44 

2.53 

2.21 

2.31 

4.33 

4.16 

3.88 

3.64 

3.88 

3.69 

3.60 

5.44 

5.17 

5.08 

5.04 

5.11 

4.39 

4.70    ! 

3.58 

3.70 

3.64 

3.62 

3.50 

8.26 

3.38 

3.43 

3.43 

3.76 

3.48 

3.77 

3.49 

3.78 

4.12 

4.23 

3.95 

4.05 

'    4.10 

3.79 

3.70 

5.20 

4.81 

4.63 

4.48 

5.06 

4.38 

4.31 

3.59 

3.59 

3.35 

8.40 

3.34 

3.09 

2.98 

5.31 

5.14 

4.90 

4.80 

5.19 

4.53 
3.53 

4.47 

3.85 

3.83 

3.72 

3.75 
3.75 

3.72 

3.97 

3.95 

3.95 

3.84 

;    3  89 

I 

3.56 

3.64 

4.24 
2.43 
8.78 
5.50 
3.46 
3.92 
4.25 
4.34 
3.18 
4.92 
3.96 

3.87 


TABLE  OXXVI.— OiTing  Averagre  Per  Cent.  Pat  for  Pour  Periods  of  Two 
Weeks  Each  Before  Cows  Went  on  Pasture  and  for  Pour  Periods  After. 


1896 


On  Dry  Peed 


On  Pastnre 


Belle 

Duchess 

Bthel 

Fairy 

Fortune 

Houston 

Ida 

Lydia 

Olive 

Shortle 

8wcet  Briar  . 
Topsy 


3.82 
5.31 
4.06 
4.36 
4.45 
4.82 
8.85 
3.29 
4.03 
5.11 
4.»4 
3.56 


Average 4.20 


4.11 
6.56 
4.02 
4.89 
4.39 
5.11 
3.77 
3.34 
4.01 
4.84 
4.87 
8.35 


4.19 
5.77 
4.50 
4.62 
4.88 
5.47 
4.29 
3.62 
4.34 
5.18 
5,21 
3.85 


4.33 
5.57 
4.18 
4.71 
5.05 

5  36 
3.93 
3.19 
4.21 
4.92 

6  11 
8.86 


4.11 
6.48 
8.92 
4.71 
4.88 
5.29 
8.94 
3.74 
4.18 
4.81 
6.00 
4.05 


4.58 


4.46 


4.46 


3.84 
6.23 
3.94 
4.34 
4.74 
4  98 
3.60 
3.48 
3.97 
4.41 
4.62 
3.82 


4.20 


3.96 
6  26 
3.81 
4.16 
4.68 
4.68 
3.66 
8.53 
4.03 
4.63 
4.71 
8.67 


4.16 


4.05 
6.23 
3.72 
3.72 
4.28 
4.72 
3.60 
3.63 
4.14 
4.77 
4.89 
3.74 


4.15 
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TABLE  OXXVlI.-Oivlnff  Average  Per  Cent.  Pat  for  Pour  Periods  of  Two 
Weeks  Bach  Before  Cows  Went  on  Pastxure  and  for  Fonr  Periods  After. 


1897 

On  Dry  Feed 

On  Pasttsre 

Countess 

2.82 
6.06 
3.93 
3.94 
6  38 
4.95 
6.49 

2.86 
6.27 
4.03 
3.86 
5.49 
4.99 
6.76 

2.85 
6.33 
3.99 
3.94 
6.39 
5.04 
6.72 

2.29 
6.34 
4.13 
3.89 
6.15 
4  80 
5.41 

2.81 
6.79 
3.90 
4.03 
6.10 
4.89 
5.38 

2.79 
6.76 
3.62 
891 
4.99 
4.62 
5.24 

2.64 
6.47 
3  52 
3.83 
4.79 
4.61 
4.88 

2.79 

Duchess 

6.19 

Ply  T 

3.81 

Liffgetta 

3.86 

Lil  

5.11 

Shortie 

5.09 

Sweet  Briar 

6.11 

A  veragc 

4.40 

4.47 

4.49 

4.21 

4.46 

4.89 

4.10 

4.29 

TABLBCXXVUL-aivlnff  Per  Cent.  Pat  for  Ponr  Periods  of  Two  Weeks 
Each  Before  Cows  Went  on  Pasture  and  for  Poor  Periods  After. 


1898 

On  Dry  Feed 

6.64 
6.10 
3.78 
4.34 
3.03 
2.66 
4.76 
4.89 
5.12 
3.87 
5.49 
5.08 
4.70 
4.95 
4.89 
4.83 
5.96 

on  PHntntt 

Alzanka 

5.44 
4.23 
4.23 
4.27 
2.64 
2.92 
4.66 
4.61 
4.85 
8.87 
5.32 
4.04 
4.28 
4.60 
4.52 
4.07 
5.43 

5  61 
5.03 
4.19 
4.30 
2.80 
3.60 
5.11 
4.88 
5.22 
4.00 
5.83 
4.47 
4  69 
4.75 

6  02 
4.77 
5.65 

5.54 
6.06 
3.90 
4.40 
2.98 
3  26 
4.84 
4.82 
5.10 
3.90 
5  37 
4.62 
4.69 
4.87 
4.79 
4.75 
6.82 

6.36 
4.76 
3.76 
4.26 
2.70 
3.13 
4.71 
4.80 
6.07 
3.84 
5.27 
4.70 
4.83 
4.63 
4.76 
4.66 
6.70 

6.13 
5.17 
8.50 
4.63 
2.84 
295 
4.63 
5.04 
5.13 
3.90 
5.50 
4.64 
4.74 
4.91 
4.98 
4.68 
6.68 

4^68 

4.74 

828 

4.88 

2.66 

2.74 

4.38  . 

4.61 

4.79 

3.73 

6.14 

4.63 

4.33 

4.61 

4.45 

4.39 

5.86 

Alzanka2 

Bess 

Bettj2 

Coti'itess 

2.6^ 

Conntess  2 

Daisy 

Fairy  B 

Flora 

2.67 
4.47 
4.75 
5.24 

Fly  T 

3.82 

Fortune  2 

5.27 

Golden  Fairy.,.. 
Kora 

4.60 
454 

Pride 

4.81 

Spot 

4.76 

Yellow  Belle 

Younsr  Daisy 

4.36 
5.69 

Average 

4.09 

4.43 

4.39 

4.27 

4.42 

4.35 

4.07 

4.20i 

Without  Alzanka. 

4.05 

4.30 

4.35 

4.23 

4.38 

4.32 

4.05 

4.20f 

TABLB  CXXIX.— Average  Per  Cent.  Fat  for  Four  Periods  of  Two  Weeks 
Bach  Before  Cows  Went  on  Pasture  and  for  Pour  Periods  After. 


YBAR 

On  Dry  Feed 

On  Pasture 

X896 

3.96 
4.20 
4.40 
4.06 

8.96 
4.23 
4.47 
4.89 

3.84 
4.58 
4.49 
4.86 

8.76 
4.46 
4.21 
4.23 

3.89 
4.46 
4  46 
4.88 

3.66 
4.20 
4.29 
4.82 

3.64 
4.16 
4.10 
4.05 

3.87 

1896 

4.16 

X897 

4.29 

1898 

4.20 

A.Terage 

4.11 

4.28 

4.29 

4.16 

4.27 

4.06 

3.96 

4.11 
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The  tables  show  that,  with  a  single  exception,  the  herd 
yielded  more  milk  during  the  first  two  weeks  on  pasture 
than  it  did  theeighth  and  seventh  weeks,  before  goingto pas- 
ture, and  that  on  the  average  it  yielded  more  milk  the 
fourth  period  on  pasture  than  it  did  the  last  period,  when 
stall  fed ;  that  the  same  is  true  as  regards  the  yield  of  but- 
ter fat. 

The  tables  giving  the  per  cent,  fat  content  in  the  milk  of 
different  cows  and  the  average  for  the  herd  in  the  four  years, 
during  the  eight  periods  of  two  weeks  each,  show  that  the 
percent,  fat  increases  as  the  period  of  lactation  advances 
until  the  last  period  of  stall  feeding  when  there  is  a  uniform 
decrease  in  the  quality  of  milk ;  that  in  every  instance  the 
milk  of  the  herd  increased  during  the  first  period  of  two 
weeks  on  pasture  and  is  followed  by  a  marked  decrease  in 
per  cent,  fat  during  the  second  and  third  periods  on  pasture, 
and  that  during  the  fourth  period  on  pasture  it  is  the 
same  as  it  was  during  the  eighth  and  seventh  weeks  before 
going  to  pasture;  indicating  that  the  influence  of  feed  re- 
duced the  per  cent,  of  fat  in  the  milk  from  4.29  to  3.96. 

The  following  table  gives  the  yield  of  milk,  per  cent,  fat 
and  yield  of  butter  fat  by  the  herd  for  each  of  four  years,  for 
a  period  of  lour  weeks  preceding  a  period  of  two  weeks  be- 
fore goingto  pasture  and  for  a  period  of  four  weeks  following 
a  period  of  two  weeks  after  going  to  pasture: 
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516  INYBSTIGATION  IN  MILK  PRODUCTION. 

Notwithstanding  the  fact  that  the  cows  received  corn 
silage  while  they  were  being  stall  fed,  and  while  on  pasture 
received  what  grain  they  wanted,  the  average  test  of  the 
herd's  milk  for  the  four  years  during  a  period  of  four  weeks 
immediately  preceding  a  period  of  two  weeks  before  going 
to  pasture  was  4.26,  while  the  average  test  for  the  same 
length  of  time  following  a  period  of  two  weeks  on  pasture 
was  4.02.  The  flow  of  milk  during  the  four- week  period  on 
pasture  was  7.85  per  cent,  greater  than  during  the  four- 
week  period  on  stall  feed.  The  increase  in  the  yield  of  butter 
fat  was  1.65  per  cent,  and  the  per  cent,  fat  decreased  5.63 
per  cent.  The  average  test  of  the  herd's  milk  for  four 
years  during  the  first  two  weeks  on  pasture  was  4.27  and 
during  the  four  weeks  following  it  averaged  4.02,  being  a 
decrease  in  the  per  cent,  fat  of  5.85  per  cent.  The  average 
test  of  the  herd's  milk  during  the  last  two  weeks  on  stall 
feed  was  4.15,  and  during  the  first  two  weeks  on  pasture 
was  4.27,  being  an  increase  of  2.89  per  cent. 
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The  question  of  feeding  dairy  stock  in  snch  a  way  that 
farmers  can  realize  the  greatest  possible  benefit  from  the 
food  consumed  and  animals  employed  is  one  of  vital  im- 
portance in  these  times  when  the  margin  between  the  price 
of  the  product  and  the  cost  of  production  has  become  so 
small  that  it  is  only  by  reducing  the  cost  of  food  to  the  min- 
imum that  reasonable  profits  can  be  made.  In  order  to  feed 
economically,  the  animal  must  be  supplied  with  the  nutrients 
needed  for  milk  production  in  the  proper  quantity  and  in  the 
right  proportion.  If  an  animal  is  given  more  of  a  certain 
nutrient  than  it  can  make  use  of,  the  excess  is  worse  than 
wasted,  because  it  not  only  helps  to  fill  the  digestive  tract 
with  that  for  which  it  has  no  use,  but  energy  is  also  wasted 
in  expelling  it  from  the  system. 

The  real  feeding  value  of  our  different  kinds  of  foods  is  as 
yet  little  understood.  In  the  mean  time,  until  further  invest^ 
igation  enables  us  to  classify  foods  according  to  theirfeeding 
value,  they  have  been  compared  according  to  their  money 
value,  digestible  protein  having,  for  reasons  given  later,  been 
used  as  a  basis  for  comparison.  The  market  prices  for  the 
different  kinds  of  coarse  fodder,  grains  and  mill  products  are 
based  upon  supply  and  demand,  and  not  so  much  upon  their 
feeding  value.  Farmers  as  a  general  rule  know  that  bran  is 
good  for  dairy  cows.  They  also  know  that  com,  oats  and 
barley  are  good,  but  they  do  not  seem  to  understand  why 
a  mixture  of  such  excellent  foods  as  com,  oats,  and  barley 
will  not  produce  as  good  results  as  can  be  secured  by  feeding 
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bran  and  other  concentrated  meals  in  connection  with  them. 
The  reason  is  plain  when  the  needs  of  the  animal  system  and 
the  composition  of  the  different  kinds  o£  foods  are  known. 
All  animal  foods  are  divided  into  two  classes  with  reference 
to  bulk :  Roughage  and  concentrates.  Roughage  includes 
all  the  coarse  portions  of  the  ration,  such  as  hay,  stover, 
fodder  corn,  silage,  roots,  etc.,  while  the  term  "concen- 
trates" embraces  all  grains  and  mill  products. 

It  has  become  necessary  to  feed  concentrates  in  connec- 
tion with  roughage  because  the  dairy  cow  has  been  develop- 
ed into  an  artificial  animal.  Had  she  remained  in  her 
original  state,  when  she  yielded  only  enough  milk  to  nourish 
her  young,  she  would  find  enough  nutriment  in  what  coarse 
feed  she  could  eat  and  digest  to  produce  the  amount  of  milk 
required  for  that  purpose,  but  since  her  mammary  functions 
have  been  developed  more  than  her  feeding  capacity,  we 
must  establish  an  equilibrium  between  the  supply  and  de- 
mand for  nutriment  needed  for  the  production  of  the  milk, 
and  to  this  end  we  must  use  some  food  that  contains  a 
larger  percentage  of  digestible  matter  than  is  found  in  coarse 
food. 

In  feed  there  are  three  groups  of  substances  which  must 
be  considered  in  formulating  a  ration  to  secure  best  results. 
These  are  known  as  protein,  carbohydrates,  and  fat. 

Protein  is  the  name  of  a  group  of  materials  containing 
nitrogen,  and  is  sometimes  called  the  nitrogenous  group,  in 
opposition  to  the  carbohydrates,  fat  and  ash,  which  arc 
non-nitrogenous.  The  function  of  protein  is  to  furnish 
materials  for  the  formation  of  lean  flesh,  blood,  tendons, 
nerves,  hair,  horns,  wool,  and  of  the  casein  and  albumin  of 
milk.  For  the  formation  of  these  materials  protein  is  abso- 
lutely indispensable.  It  is  important  to  remember  that  no 
substance  free  from  nitrogen  can  be  converted  into  protein, 
or  be  used  as  a  substitute  for  it.  It  is  therefore  necessary 
for  an  animal  to  receive  a  certain  amount  of  protein  in  order 
to  maintain  existence,  grow  or  produce  milk. 
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Carbohydrates  are  made  up  of  several  substances, 
usually  divided  into  two  groups, — nitrogen  free  extract,  in- 
cluding starch,  sugar,  gtfms,  etc.,  and  crude  fiber.  Coarse 
fodders  contain  large  amounts  of  crude  fiber,  while  grain 
and  mill  stuffs  contain  little  fiber,  but  are  rich  in  starch  and 
sugar.  Carbohydrates  are  either  converted  into  fat  or 
burned  in  the  system  to  produce  heat  and  energy. 

Faty  or  the  material  dissolved  from  a  feeding  stuff  by 
ether,  and  for  this  reason  often  designated  as  ether  extract, 
includes  the  fat,  wax,  and  green  coloring  matter  of  plants. 
The  fat  of  food  is  stored  up  in  the  body  as  fat,  used  as  a  lu- 
bricator for  the  digestive  tract,  and  burned  to  furnish  heat 
and  energy.  As  a  heat  producer  a  pound  of  fat  is  equiva- 
lent to  2.5  pounds  of  carbohydrates.  When  fat  has  been 
multiplied  by  this  factor,  the  result  is  called  **  carbohydrate 
equivalent." 

A  cow,  or  in  fact  nearly  any  mature  animal,  can  use  only 
about  6  pounds  of  digestible  carbohydrates  and  carbohy- 
drate equivalent  to  one  of  protein  If  we  feed  more  carbo- 
hydrates without  increasing  the  protein,  there  will  be  an 
abnormal  shrinkage  in  the  flow  of  milk,  because  the  increase 
will  cause  the  animal  to  lay  on  fat.  If  the  ratio  of  protein 
torarbohydrates  and  carbohydrate  equivalent  is  narrowed, 
the  animal  may  need  more  heat  than  the  carbohydrates  and 
fat  can  supply,  and  in  such  case  would  consume  some  of  the 
more  expensive  protein  to  make  up  the  deficiency.  It  fol- 
lows, therefore,  that  for  the  best  results  the  two  groups  of 
nutrients,  protein  and  carbohydrates,  should  be  fed  within 
the  limits  stated. 

But  all  our  ordinary  feeds,  both  in  grain  and  roughage, 
contain  carbohydrates  largely  in  excess  of  the  animal's 
needs,  and,  mix  the  grain  and  roughage  grown  on  the  farm 
as  we  will,  it  always  follows  that  we  are  short  in  protein 
or  have  too  much  of  carbohydrates.  In  fact,  all  the  nu- 
trients needed  by  our  farm  animals  are  found  in  all  our 
farm  food  in  great  abundance  except  protein.  In  marsh  and 


Digitized  by  VjOOQIC 


520  FEEDING  DAIRY  COWS. 

prairie  haj,  in  timothy,  millet,  sorghum,  fodder  corn,  stover, 
and  straw,  there  is  more  digestible  carbohydrates  and  ether 
extract  than  cattle  can  make  use  of.  The  same  is  true  with 
all  our  farm  grown  grains.  In  compounding  rations  with 
our  farm  crops,  we  always  find  it  necessary  to  resort  to  mill 
products  containing  a  low  percentage  of  carbohydrates,  to 
rid  them  from  excess  of  carbohydrates,  except  in  cases  where 
such  foods  as  alfalfa  are  available. 

Since  the  supply  of  ash,  carbohydrates,  and  fat  is  always 
in  excess  of  our  needs,  and  is  practically  as  free  as  water, 
air  and  light,  it  follows  that  they  lose  all  commercial  value, 
leaving  digestible  protein  the  measure  of  the  money  value  of 
all  our  feed  stuffs  for  milk  production. 

A  ton  of  bran  costs  $10.  It  contains  230  pounds  of  water. 
It  would  be  foolish  to  place  any  value  on  the  water  when 
there  is  plenty  in  the  well  at  home.  It  contains  108  pounds 
of  ash,  64  pounds  of  indigestible  protein,  1,250  pounds  of 
carbohydrates,  and  90  pounds  of  fat.  It  would  be  absurd 
to  pay  at  the  rate  of  $10  per  ton  for  these  materials  when 
we  have  more  at  home  than  we  have  any  use  for,  so  the 
logical  conclusion  is  that  the  $10  are  paid  for  the  258 
pounds  of  digestible  protein  that  the  ton  of  bran  contains. 
When  bran  is  used  in  the  ration,  hay  may  be  fed  as  rough- 
age, but  corn  stover  cannot  be  made  this  part  ot  the  ration, 
because  it  contains  too  little  protein  and  too  much  carbohy- 
drates, and  in  order  to  be  able  to  feed  stover,  mill  stuffs  con- 
taining a  higher  percentage  of  protein  must  be  purchased, 
which  decreases  the  value  of  stover  in  proportion  to  the 
extra  amount  of  protein  that  must  be  purchased.  Or,  in 
other  words,  stover  is  worth  as  much  less  as  its  protein 
content  is  less  than  that  in  the  hay.  When  the  grain  and 
roughage  used  in  a  ration  have  a  low  protein  content, 
it  becomes  necessary  to  add  some  concentrates  having 
a  high  per  cent,  of  protein  to  provide  the  nutrients  in  the 
right  proportion. 
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A  ton  of  oil  meal  contains  184  pounds  of  water,  114 
pounds  of  ash,  72  pounds  of  indigestible  protein,  886 
pounds  of  carbohydrates  and  158  pounds  of  ether  extract 
or  fat.  Surely  no  sane  person  would  be  guilty  of  buying 
these  substances  and  paying  at  the  rate  of  $20  to  $25  per 
ton  when  he  is  already  overstocked  with  them  on  the  farm. 
So  it  must  be  that  he  is  buying  the  digestible  protein.  The 
ton  of  oil  meal  contains  586  pounds  of  digestible  protein, 
and  since  the  cost  of  this  nutrient  in  bran  was  4  cents  a 
pound,  the  value  of  a  ton  of  oil  meal  is  $23.44  when  bran 
costs  $10  per  ton. 

A  ton  of  cotton  seed  meal  contains  164  pounds  of  water, 
144  pounds  of  ash,  584  pounds  of  carbohydrates,  252 
pounds  of  >ether  extract,  or  fat,  and  102  pounds  of  indigest- 
ible protein;  and  since  all  these  are  found  in  great  abund- 
ance in  our  farm-grown  feed  stuffs,  it  follows  that  the  ton  of 
cotton  seed  meal  is  purchased  because  of  the  744  pounds  of 
digestible  protein  it  supplies.  And  when  this  nutrient  costs 
4  cents  per  pound  in  other  concentrates,  a  ton  of  cotton 
seed  meal  is  worth  $29.76.  If  it  is  found  that  any  farm 
grown  feed  contains  enough  digestible  protein  so  that  it  will 
jiot  be  necessary  to  purchase  any  mill  products,  then  that 
feed  is  worth  as  much  more  per  ton  as  would  have  to  be 
paid  for  the  difference  in  protein  if  the  farm  feed  contained  a 
lower  percentage;  or,  in  other  words,  the  money  value  of  all 
the  feed  stuffs  used  in  the  ration  for  dairy  cows  depends  up- 
on the  percentage  of  digestible  protein  they  contain.  When 
bran  can  be  purchased  for  $10,  oil  meal  for  $23.44,  and  cot- 
ton seed  meal  for  $29.76,  corn  is  worth  only  21  cents  per 
bushel,  oats  12  cents  and  barley  18  cents;  for  the  only 
nutrient  needed  can  be  purchased  in  bran,  oil  meal  and  cot- 
ton seed  meal  at  these  prices.  If  farmers  will  bear  this  in 
mind,  they  will  not  feed  25  cent  oats,  30  cent  com,  and  35 
cent  barley,  when  shorts,  bran,  and  other  by-products  of  the 
mills  can  be  obtained  at  the  prices  quoted. 
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Another  mistake  generally  made  is  in  buying  shorts  for 
dairy  cows,  instead  of  bran;  presumably  because  shorts  are 
heavy.  So  is  sand.  A  ton  of  shorts  contains  236  pounds  of 
water,  92  pounds  of  ash,  80  pounds  of  indigestible  protein, 
1,284  pounds  of  carbohydrates  and  90  pounds  of  fat.  As 
above  stated,  all  these  substances  are  in  great  abundance 
on  the  farm.  As  the  digestible  protein  is  the  nutrient  need- 
ed, it  follows  that  the  218  pounds  of  digestible  protein  in 
the  ton  of  shorts  fixes  its  value;  and  since  we  can  get  it  in 
the  bran  and  oil  meal  at  4  cents  per  pound,  shorts,  when 
containing  10  per  cent,  of  digestible  protein,  is  worth  only 
$8.72  per  ton  for  dairy  cows  when  bran  is  worth  $10.  It 
should,  however,  be  borne  in  mind  that  these  values  hold 
good  in  feeding  for  milk  only.  If  an  animal  is  being  fed  for 
gain  in  weight,  shorts  would  be  preferable,  especially  in  the 
case  of  feeding  swine. 

The  same  inconsistency  exists  in  regard  to  the  market 
price  of  roughage.  Take,  for  example,  timothy  hay,  and 
assume  that  it  yields  two  tons  per  acre.  In  two  tons  there 
are  112  pounds  of  digestible  protein,  which  at  4  cents  per 
pound  amounts  to  $4.48  worth  of  protein  per  acre,  making  its 
feediYig  value  $2.24  per  ton.  This  haysells  in  our  market  for 
from  $4  to  $8  per  ton.  An  acre  of  clover  will  produce  about 
two  tons  of  cured  hay,  containing  272  pounds  of  digestible 
protein,  which  at  4  cents  per  pound  amounts  to  $10.88  worth 
of  protein  per  acre,  making  its  feeding  value  $5.44  per  ton. 
An  acre  will  produce  six  tons  of  fodder  com  containing  300 
pounds  of  digestible  protein,  which  at  4  cents  per  pound 
makes  $12  worth  of  protein  in  the  six  tons  of  fodder  com 
worth  $2  per  ton. 

In  view  of  these  discrepancies  between  ruhng  market 
prices  and  the  actual  money  value  of  feeding  stuffs,  we  have 
for  several  years  disregarded  prices,  and  have  based  our  cal- 
culations on  the  cost  of  digestible  protein,  and  have  fed  it  in 
whatever  palatable  form  we  found  it  the  cheapest.  It  is  by 
this  method  and  through  the  decrease  in  the  price  of  protein 
that  we  have  reduced  the  cost  of  production. 
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The  profit  in  dairying,  as  in  any  other  business,  depends 
upon  the  ^margin  between  the  price  of  the  product  and  the 
cost  of  production.  It  is  therefore  of  primary  importance 
to  provide  feed  stuffs  at  the  least  cost,  and  when  grain  is 
relatively  high  it  may  become  advantageous  to  sell  it  and 
buy  mill  feed. 

As  a  rule,  cows  in  full  flow  should  be  fed  all  they  will  eat 
up  clean,  but  such  generous  feeding  should  never  be  inaugu- 
rated after  they  have  advanced  far  in  the  period  of  lactation, 
because  in  such  case  they  will  not  materially  increase  the 
flow  of  milk,  but  will  commence  laying  on  fat,  which  is  ob- 
jectionable. The  reason  cows  should  be  fed  all  they  will 
take  is  because  they  must  first  be  provided  with  enough  food 
for  bodily  maintenance,  and  the  more  they  will  eat  and  di- 
gest over  and  above  this  the  more  they  have  available  for 
converting  into  product.  The  amount  of  food  required  for 
bodily  maintenance  depends  upon  the  weight  and  disposi- 
tion of  the  animal.  The  heavier  the  body  the  more  food 
for  maintenance  is  required  and  the  less  will  there  be  avail- 
able for  product.  So  if  a  cow  gains  in  weight  each  succeed- 
ing day  she  will  need  more  food,  for  support,  and  since 
increase  in  weight  does  not  add  to  her  feeding  powers  she 
will  decrease  in  flow  of  milk. 

That  generous  feeding  pays  is  clearly  illustrated  in  our 
record  for  the  five  years  ending  December  30,  1897.  Dur- 
ing the  years  1893,  1895,  1896  and  1897,  cows  were  fed  all 
they  would  take,  while  during  the  year  1894  they  were  fed 
light. 

Milk.  Butter.  Cost  of  1  lb.  butter. 

1893  6.407                      364  10.6  cents. 

1894  4,909                      271  10.9     •' 

1895  7,418                      352  8.0     '* 

1896  7.454                      349  6.3     ** 

1897  6,962                      351  5.4     ** 

These  are  averages  of  the  entire  herd,  and  show  that 
during  the  four  years,  when  receiving  all  they  would  eat  up 
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clean,  they  averaged  354  pounds  of  butter  each,  while  the 
average  yield  for  1894,  when  on  comparatively  light  feed, 
was  only  271  pounds.  The  cost  of  production  was  also  the 
greatest  that  year.  The  kind  of  feed  has  little,  if  anything,  to 
do  with  the  yield  so  long  as  they  get  the  required  amount  of 
nutrients  in  the  right  proportion  and  in  palatable  form.  We 
get  as  much  out  of  fodder  corn  as  we  do  out  of  ensilage,  and 
as  much  from  a  pound  of  protein  in  bran  as  from  a  pound 
of  protein  in  any  other  concentrate. 

They  give  just  a  trifle  more  milk  when  receiving  some 
succulent  feed,  such  as  roots  and  ensilage,  but  practically 
the  same  amount  of  butter  or  other  milk  solids.  We  select 
the  cheapest  foods  and  so  mix  them  that  the  cow  gets  about 
one  pound  of  digestible  protein  to  six  pounds  of  carbohy- 
drates. If  we  should  feed  a  much  wider  ration — that  is,  one 
that  contained  more  carbohydrates  and  carbohydrate 
equivalent  than  the  amount  stated— she  would  gradually 
lay  on  fat,  shrink  in  milk,  and  failure  to  breed  would  prob- 
able follow;  but  when  the  above  mentioned  nutritive  ratio 
is  maintained,  no  such  difficulties  are  encountered. 

Our  records  show  that  radical  changes  in  feed  during  the 
winter  are  objectionable,  as  changes  generally  cause  shrink- 
age in  milk.  A  more  uniform  flow  is  maintained  by  feeding 
the  same  ration  all  winter,  if  possible.  If  it  becomes  neces- 
sary to  make  a  change  it  should  be  very  gradual,  so  the 
system  can  adjust  itself  to  the  variation  in  bulk  and  the 
muscular  action  required  by  the  stomach  to  digest  that 
particular  ration. 

COMPOSITION    OF  FEEDING  STUFFS. 

The  following  tables  give  the  digestible  protein,  carbohy- 
drates, and  fat  contained  in  100  pounds  each  of  the  feed 
stuffs  commonly  used,  with  their  comparative  value  for 
dairy  cows,  calculations  being  based  upon  the  per  cent,  of 
digestible  protein. 
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Since  the  prices  of  farm  products  arc  governed  by  the 
laws  of  supply  and  demand,  and  not  by  their  actual  money 
value  as  feed  stuffs,  it  often  happens  that  certain  products 
can  be  sold  for  more  than  their  value  as  food  for  milk  pro- 
duction and  others  bought  for  less  than  their  feeding  value. 
To  aid  in  selecting  the  most  economical  food  the  following 
tables  have  been  arranged,  giving  the  comparative  value  of 
the  grains  ordinarily  grown  on  the  farm,  calculations  being 
based  on  the  percentage  of  digestible  protein : 


Protein  in  Corn  as  a  Basis. 


When  Corn  ii  worth  per  buihcl 


16Ct8.  18Ct8.  20Ct8.  22Ct8.  24Ct8.  26Ct8.  28Ct8.  30Ct8 


Barley 

Oats 

^^it!!!;!!!!!!!!!!!"!!!!!!!! 

Bran per  ton 

Linseed  Meal...  '* 
Cotton  Seed  Meal  " 
Gluten  Meal *' 


16.1 
10.6 
20.0 
22.1 
$   9.33 
21.18 
26.89 
18.66 


17.0 
12.0 
22.6 
24.8 
$10.46 
23.82 
30.24 
20.92 


18.9 
13.3 
25.1 
27.6 
$11.64 
26.49 
33.63 
23.28 


20.8 
14.6 
27.6 
30.4 
S12.81 
29.16 
37.02 
26.62 


22.7 
16.0 
30.1 
33.1 
$13.95 
31.76 
40.32 
27.90 


24.6 
17.3 
32.6 
35.9 
$15.13 
34.43 
43  71 
30.26 


26.4 
18.6 
35.1 
38.6 
$16.33 
37.10 
47.10 
82.66 


28.3 
20.0 
37.6 
41.4 
$17.47 
39.77 
50.49 
34.94 


Protein  in  Barley  as  a  Basis. 


When  Barley  i8  worth  per  bushel 

16Ct8. 

18Cta. 

20Ct8. 

22Ct8. 

24Ct8. 

26Ct9. 

28Ct8. 

30Cts. 

Corn 

16.9 
11.3 
21.2 
23.4 
$   9.88 
23.44 
28. 4i 
19.76 

19.1 
12,7 
23.9 
26.4 
$11.12 
25.27 
32.02 
22.24 

21.2 
14.1 
26.6 
29.3 
$12.37 
28.11 
35.61 
24.74 

23.3 
15.5 
29.2 
32.2 
$13.58 
30.87 
39.11 
27.16 

25.4 
16.9 
81.9 
35.2 
$14.83 
33.70 
42.70 
29  66 

27.6 
18.3 
34.5 
38.1 
$16.08 
86.53 
46.29 
32.16 

29.7 
19.7 
37.2 
41.0 
$17.29 
89.29 
49.79 
34.58 

31.8 

Oats     

21  2 

K^e 

8^.8 

-^lieitt , 

44  0 

Bran per  ton 

Unseed  Meal... 
Cotton  Seed  Meal  •• 
Olnten  Meal *' 

$18.54 
42.12 

37T.»8 
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Protein  in  Oats  as  a  Basis. 


When  Oat*  are  worth  per  bushel 


16Ct8.  ISCts. 


Barley 

Com 

Rye 

Wheat 

Bran per  ton 

Linaeed  Meal...  ** 
Cotton  Seed  Meal  " 
Gluten  Meal " 


22.7 
24.0 
80.1 
33.S 
$14.02 
31.80 
40.40 
28.04 


25.6 
27.1 
33.9 
37.4 
$15.76 
35.74 
45.41 
31.52 


20Ct8. 


22  CU. 


28.4 
30.1 
87.7 
41.6 
$17.52 
89.75 
50.50 
35.04 


81.2 
88.1 
41.4 
45.8 
$19.26 
48.69 
55.61 
38.52 


24Ct8. 


26  CU. 


84.1 
86.1 
45.2 
49.9 
$21.08 
47.70 
60.60 
42.06 


36.9 
39.1 
49.0 
54.1 
$22.77 
51.64 
65.61 
45.54 


28  CU. 


SOCtK. 


89.8 
42.1 
52.7 
58.2 
$24.53 
65.65 
70.70 
49.06 


42.6 
45.1 
56.5 
62.4 
$26.27 
59.69 
76.71 
52.5i 


Protein  in  Bye  as  a  Basis. 


When  Rye  Is  worth  per  bushel 


16CU.  ISCts.  20CU.  22Ct8.  24CU.  26 CU.  28 CU.  30Ct». 


Barley 

Com 

OaU 

Wheat ■ 

Bran per  ton 

Linseed  Meal...  " 
Cotton  Seed  Meal  ** 
Gluten  Meal ** 


12.0 
12.8 
8.5 
17.6 
$   6.44 
16.93 
21.52 
12.88 


13.6 
14.4 
9.6 
198 
$   8.85 
19.00 
24.14 
16.70 


15.1 
16.0 
10.6 
22.0 
$   9.28 
21.13 
26.85 
18.56 


16.6 
17.6 
11.7 
24.2 
$10.22 
23.36 
29.55 
20.44 


18.1 
19.2 
12.7 
26.4 
$11.18 
25.34 
32.18 
22.26 


19.6 
20.7 
18.8 
28.6 
$1 2.06 
27.47 
34.89 
24.12 


21.1 
22.3 
14.9 
80.8 
$13.00 
29.60 
37.60 
26.00 


22.6 
33.9 
15  9 
33.0 
$13.94 
31.73 
40.31 
27.88 


The  tables  following  show  the  dry  matter  and  digestible 
nutrients  contained  in  a  given  number  of  pounds  of  the  food 
stuffs  commonly  used  in  the  northwest.  For  roughage  cal- 
culations are  made  from  5  to  20  pounds,  inclusive,  except  for 
the  straws,  which  are  made  from  1  to  5  pounds,  inclusive. 
For  the  grains,  bran  and  shorts,  calculations  are  made  from 
1  to  10  pounds,  and  for  the  other  concentrates  from  1  to  5 
pounds,  inclusive. 
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TABI^E  OXXXI.—GiTinff  Pounds  of  Dry  Matter  and  Biffestlble  Nutrients 
Oontained  in  a  Given  Number  of  Pounds  of  Food  Stuff. 


CORN  FODDER 

CORN  STOVBR 

SORGHUM  FODDER 

Composition 

Composition 

Composition 

LBS. 

Dry 
Mat. 

ter 

DlGftSTIBLB 

Dry 

DiGBSTIBLB 

Dry 

Digestible 

Mat- 
ter 

Mat- 
ter 

Pro. 

C.  H. 

Fat 

Pro. 

C.  H 

Fat 

Pro. 

C.  H. 

Fat 

5 

2.89 

.126 

1.730 

.060 

2.97 

.085 

1.620 

.036 

2.51 

.120 

3.606 

.080 

6 

8.47 

.160 

2.076 

.072 

3.67 

.102 

1.944 

.042 

3.02 

.144 

1.926 

.096 

7 

4.05 

.176 

2.422 

.084 

4.16 

.119 

2.268 

.049 

3.62 

.168 

2.247 

.112 

8 

4.62 

.200 

2.768 

.096 

4.76 

.136 

2.692 

.056 

4.02 

.192 

2.568 

.128 

9 

5.20 

.226 

3.114 

.108 

6.36 

.163 

2.916 

.063 

4.53 

.216 

2.889 

.144 

10 

5.78 

.250 

3.4«0 

.120 

5.95 

.170 

3.240 

.070 

5.03 

.240 

3.210 

.160 

11 

6.36 

.276 

3.806 

.132 

6.64 

.187 

3.664 

.077 

6.53 

.264 

3.531 

.176 

12 

6.94 

.300 

4.162 

.144 

7.14 

.204 

3.888 

.084 

6.04 

.288 

3.862 

•192 

13 

7.51 

.326 

4.498 

.166 

7.73 

.221 

4.212 

.091 

6.54 

.312 

4.173 

.208 

14 

8.09 

.350 

4.844 

.168 

8.33 

.238 

4.636 

.098 

7.04 

.336 

4.494 

.224 

15 

8.67 

.876 

6.190 

.180 

8.92 

.255 

4.860 

.105 

7.54 

.360 

4.816 

.240 

16 

9.25 

.400 

6.636 

.192 

9.52 

.272 

5.184 

.112 

8.06 

.884 

6.136 

.266 

17 

9.83 

.425 

6.882 

.204 

10.11 

.289 

6.608 

.119 

8.66 

,408 

6.467 

.272 

18 

10.40 

.460 

6.228 

.216 

10.71 

.306 

6.832 

.126 

9.05 

.432 

6.778 

.288 

19 

10.98 

.475 

6.674 

.228 

11.30 

.323 

6.166 

.183 

9.66 

.466 

6.099 

.304 

20 

11.56 

.600 

6.920 

.240 

11.90 

.340 

6.480 

.140 

10.06 

.480 

6.420 

.320 

LBS. 

TIMOTHY 

RBD  TOP 

MILLET 

6 

4.84 

.140 

2.170 

.070 

4.66 

.240 

2.846 

.06 

4.40 

.160 

2.425 

.06 

6 

6-21 

.168 

2.604 

.084 

6.47 

.288 

2.814 

.06 

6.28 

.192 

2.910 

.06 

7 

6.08 

.196 

8.088 

.098 

6.38 

.336 

3.283 

.07 

6.16 

.224 

8.396 

.07 

8 

6.94 

-.224 

3.472 

.112 

7.29 

.384 

3.762 

.08 

7.04 

.256 

8.880 

.08 

9 

7.81 

.252 

3.906 

.126 

8.20 

.432 

4.221 

.09 

7.92 

.288 

4.366 

.09 

10 

8.68 

.280 

4.840 

.140 

9.11 

.480 

4.690 

10 

8  80 

.320 

4.860 

.10 

11 

9.66 

.308 

4.774 

.154 

10.02 

.628 

5.169 

.11 

9.68 

.362 

6.336 

.11 

12 

10.42 

.386 

6.208 

.168 

10.93 

.676 

6.628 

.12 

10.66 

.384 

6.820 

.12 

13 

11.28 

.364 

6.642 

.182 

11.84 

.624 

6.097 

.13 

11.44 

.416 

6.306 

.13 

14 

12.15 

.392 

6.076 

.196 

12.75 

.672 

6.666 

.14 

12.32 

.448 

6.790 

.14 

15 

13.02 

.420 

6.610 

.210 

13.66 

.720 

7.036 

.16 

13.20 

.480 

7.276 

.16 

16 

13.89 

.448 

6.904 

.224 

14.68 

.768 

7.604 

.16 

14.08 

.612 

7.760 

.16 

17 

14.76 

,476 

7.378 

.238 

15.49 

.816 

7.973 

.17 

14.96 

.644 

8.246 

.17 

18 

16.62 

.604 

7.812 

.262 

16.40 

.864 

8.442 

.18 

16.84 

.576 

8.780 

.18 

19 

16.42 

.632 

8.246 

.266 

17.31 

.912 

8.911 

.19 

16.72 

.608 

9.216 

.19 

20 

17.28 

.660 

8.680 

.280 

18.22 

.960 

9.880 

.20 

17.60 

.640 

9.700 

.20 

LBS. 

PRAIRIB  HAY.  Upland 

PRAIRIB  HAY,    Mixed 

PRA 

[RIEHAY,  8 

wale 

5 

4.37 

.16 

2.090 

.070 

4.20 

.145 

2.075 

.060 

4.31 

.13o!2.095 

.055 

6 

6.26 

.18 

2.608 

.084 

6.06 

.174 

2.490 

.072 

6.18 

.166:2.614 

.066 

7 

6.12 

.21 

2.926 

.098 

6.89 

.203 

2.906 

.084 

6.04 

.1822.933 

.077 

8 

7.00 

.24 

3.844 

.112 

6.73 

.232 

3.320 

.096 

6.90 

.2083.352 

.088 

0 

7.87 

.27 

8.762 

.126 

7.57 

.261 

3.735 

.108 

7.77 

.23413.771 

.099 

10 

8.76 

.30 

4.180 

.140 

8.41 

.290 

4.150 

.120 

8.63 

.260:4.190 

.110 

11 

9.62 

.33 

4.698 

.164 

9.25 

.319 

4.665 

.132 

9.49 

.286 

4.609 

.121 

12 

10.50 

.36 

6.018 

.168 

10.09 

.348 

4.980 

.144 

10.86 

.312 

5.028 

.182 

13 

11.37 

.39 

6.434 

.182 

10.93 

.377 

6.395 

.156 

11.22 

.338 

6.447 

.143 

14 

12.25 

.42 

6.862 

.196 

11.77 

.406 

5.810 

.VQH 

12.08 

.364 

6.866 

.164 

15 

13.12 

.45 

6.270 

.210 

12.61 

.43616.225 

.180 

12.94 

.890 

6.285 

.165 

16 

14.00 

.48 

6.688 

.224 

13.62 

.464 

6.640 

.192  . 

13.81 

.416 

6.704 

.176 

17 

14.87 

.61 

7.106 

.288 

14.36 

.498 

7.065 

.204 

14.67 

.442 

7.128 

.187 

18 

15.78 

.64 

7.624 

.262 

16.21 

.622 

7.4T0 

.216 

16.63 

.468 

7.642 

.198 

1» 

16.62 

.67 

7.942 

.266 

16.06 

.661 

7.886 

.228 

16.40 

.494 

7.961 

.209 

20 

17.60 

.60 

8.360 

.280 

16.90 

.680 

9.300 

.240 

17.26 

.620 

8.880 

.220 
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TABLE  OXXXI.— Givinff  PoundB  of  Dry  Matter  and  Digestible  Hatrienta 
Oontained  in  a  Given  Number  of  Pounds  of  Food  Stuff.— Continacd. 


SEDGE    HA 

V 

OAT    HAY 

80JA  BEAN  HAV 

Composition 

Composition  - 

LBS. 

Dry 
Mat- 
ter 

DIOBSTIBLB 

Dry 
Mat- 
ter 

DlOBSTIBLB 

t                ! 

,          DlGBtTIBUi 

Mat- 
,    ter 

Pro. 

C.  H. 

Fat 

Pro. 

C.  H. 

Pat 

Pro. 

C.  H. 

Pat 

6 

4.49 

.185 

2.265 

.055 

4.55 

.215 

2.320 

.076 

4.43 

.640  1.936 

.075 

6 

5.39 

.162 

2.718 

.066 

6.47 

.258 

2.784 

.090 

6.82 

.648 

2.322 

.O90 

7 

6.29 

.189 

3.171 

.077 

6.38 

.801 

3.248 

.106 

6.31 

.766 

2.709 

.105 

8 

7.19 

.2163.624 

.088 

7.29 

.344 

3.712 

.120 

7.10 

.864 

3.096 

.120 

9 

8.09 

.243 

4.077 

.099 

8.20 

.387 

4.176 

.136 

7.98 

.972 

3.483 

.135 

10 

8.98 

.270 

4.530 

.110 

9.11 

.430 

4.640 

.150 

8.87 

1.080 

8.870 

.150 

11 

9.88 

.297 

4.983 

.121 

10.02 

.473 

5.104 

.166 

9.76 

1.188 

4.267 

.1«6 

12 

10.78 

.324 

5.436 

.132 

10.93 

.516 

5.668 

.180 

10.64 

1.296 

4.64^ 

.180 

13 

11.68 

.351 

5.889 

.143 

11.84 

.659 

6.082 

.195 

11.63 

1.404 

6.031 

.196 

14 

12.58 

.378 

6.342 

.154 

12.76 

.602  6.496 

.210 

12.42 

1.512 

6.418 

.210 

15 

13.48 

.405 

6.785 

.166 

13.66 

.646 

6.960 

.226 

13.30 

1.620 

6.806 

.225 

16 

14.38 

.432 

7.248 

.176 

14.68 

.688 

7.424 

.240 

14.19 

1.728 

6.192 

.240 

17 

16.28 

.459 

7.701 

.187 

16.49 

.731 

7.888 

.256 

16.08 

1.836 

6.679 

.255 

18 

16.17 

.486 

8.154 

.198 

16.40 

.774 

8.362 

.270 

13.97 

1.944 

6.9«6 

.270 

19 

17.07 

.613 

8.607 

.209 

17.31 

.817 

8.816 

.286 

16.86 

2.062 

7.363 

.285 

20 

17.97 

.640 

9.060 

.220 

1 

18.22 

.860 

9.280 

.300 

17.74 

2,160 

7.740 

.300 

LB  a. 

Al 

-FALPA  HA 

II 

.060      4.51 

.LSIK 

EHA^ 

^ 

RED  CLOVER  HAY 

6 

4.58 

.65 

1.980 

.420 

2.125 

.075 

4.23 

.3401.790 

.085 

6 

5.50 

.66 

2.376 

.072      5.42 

.504 

2.6R0 

.090 

6.08 

.408  2.148 

.103 

7 

6.41 

.77 

2.772 

.084'     6.32 

.688 

2.975 

.106 

6.93 

.4762.606 

.119 

8 

7.33 

.88 

3.168 

.096 

7.22 

.672:3.400 

.120 

6.7S 

.544!  2.864 

.1S« 

9 

8.24 

.99 

3.564 

.108 

8.13 

.756 

3.826 

.135 

7.62 

.6123.222 

,153 

10 

9.16 

1.10 

3.960 

.120 

9.03 

.840 

4.260 

.150 

8.47 

.68« 

3.580 

.170 

11 

10.08 

1.21 

4.356 

.132 

9.93 

.924 

4.676 

.165 

9.32 

.748 

3.038 

.187 

12 

10.99 

1.32 

4.752 

.144 

10.84 

1.008 

5.100 

.180 

10.16 

.816 

4.296 

.294 

13 

11.91 

1.43 

6.148 

.156 

11.74 

1.092 

6.625 

.195 

11.01 

.884 

4.664 

.221 

14 

12.82 

1.64 

5.544 

.168 

12.64 

1.176 

5.960 

.210 

11.86 

.962 

5.012 

.238 

15 

13.74 

1.66 

6.940 

.180 

13  54 

1.260 

6.376 

.226 

12.70 

1.020 

6.370 

.255 

16 

14.66 

1.76 

6.336 

.192 

14.45 

1.344 

6.800 

.240 

13.66 

1.088 

6.728 

•    .272 

17 

15.57 

1.87 

6.732 

.204 

15  35 

1.428 

7.226 

.265 

14.40 

1.166 

6.086 

.   .289 

18 

16.49 

1  08    7.128 

.216 

116.25 

1.612 

7.650 

.270 

15.26 

1.224 

6.444 

t   .306 

19 

17.40 

2.09    7.624 

.228  !17.16 

1.696 

8.076 

.286 

1609 

1.202 

6.802 

.323 

20 

18.32 

2.20    7.920 

.240 

18.06 

1  680 

8.600 

.300 

16.94 

1.360 

7.160 

.340 

LBS. 

WHEAT  STRAW 

OAT  STRAW 

RYE  STRAW 

1 

.904 

.004!    .363 

.004 

.908 

.012 

.386 

.008 

.929     .006 

.406 

'.00* 

2 

1.808 

.008     .726 

.008 

1.816 

.024 

.772 

.016 

1.868     .012 

.812 

:  .008 

3 

2.712 

.012  1.089 

.012 

2.724 

.036 

1.168 

.024 

2.787     .018 
8.716     .024 

1.2  I8i    .012 

4 

3.616 

.016  1.452 

.016 

3.632 

.048 

1.644 

.032 

l.eS^i   .016 

6 

4.520 

.020  1.815 

.020 

4.540 

.060 

1.930 

.040 

4.645     .080 

2.030 

.020 
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TABI«B  OXXXI.-aivinff  Pounds  of  Dry  Matter  and  Digestible  Nutrients 
Contained  in  a  Given  Number  of  Pounds  of  Food  Stuff.— Continued. 


I.B9. 


CORN  SILAGE 


COlfPOSITION 


Dry 
Mat- 
ter 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 


LBS. 


2.09 
2.30 
2.51 
2.72 
2.98 
3.13 
3.34 
3.55 
3.76 
3.97 
4.18 
4.39 
4.60 
4.81 
5.02 
5.22 
5.43 
5.64 
5.85 
6.06 
6.27 
6.48 
6.69 
6.90 
7.11 
7.31 
7.62 
7.73 
7.94 
8.15 
8.36 


DiGBSTIBLB 


Pro.   C.  H     Fat 


.090  1.130 
.099  1.243 


.108 
.117 
.126 
.135 
.144 
.153 
.162 
.171 
.180 
.189 
.198 
.207 
.216 
.225 


1.356 
1.469 
1.582 
1.695 
1.808 
1.921 
2.034 
2.147 
2.260 
2.373 
2.486 
2.589 
2.712 
2.825 


284  2.938 


.243 
.252 
.261 
.270 
.279 
.288 
.297 
.306 
.315 
.324 


3.051 
3.164 
3.277 
3  390 
3.503 
3.616 
3.729 
3.842 
9.955 
4.068 


.333  4.181 


.342 
.351 
.360 


4.294 
4.407 
4.520 


.070 
.077 
.084 
.091 
.098 
.105 
.112 
.119 
.126 
.133 
.140 
.147 
.151' 
.161 
.168 
.175 
.182 
.189 
.196 
.203 
.210 
.217 
.224 
.231 
.238 
.245 
.252 
.259 
.266 
,273 
.280 


SUGAR  BBBT8 


1 

SORGHUM  SILAGE 

CLOVER  SILAGE 

Composition 

Composition 

DlOR«TlBLB 

DiOESTIBLB 

Dry 

1 

Dry 

Mat- 

j 

Mat- 
ter 

ter 

Pro. 

C.  H. 

Fat 

Pro. 

C.  H. 

Fat 

2.39 

.0601.490 

.020 

2.80 

.200 

1.350 

.100 

2.63 

.066 

1.639 

.022 

3.08 

.220 

1.485 

.110 

2.87!   .072 

1.788 

.024 

3.36 

.240 

1.520 

.120 

3.11     .078 

1.937 

.026 

3.64 

.260 

1.755 

.I3t» 

3.35 

.084 

2.086 

.028 

3.92 

.280 

1.890 

.140 

3.58 

.090 

2.235 

.030 

4.20 

.300 

2.025 

.150 

3.82 

.096 

2.384 

.032 

4.48 

.320 

2.160 

.160 

4.06 

.102 

2.533 

.034. 

4.76 

.340 

2.295 

.170 

4.30 

.108 

2.682 

.036 

6.04 

.360 

2.430 

.180 

4.54 

.114;2.831 

.038 

5.32 

.380 

2.666 

.190 

4.78 

.120 

2.980 

.040 

5.60 

.400 

2.700 

.200 

6.02 

.126 

3.129 

.042 

5.68 

.420 

2.835 

.210 

5.26 

.132 

3.278 

.044 

6.16 

.440 

2.970 

.220 

5.50 

.138 

3.427 

.046 

6.44 

.460 

3.105 

.230 

5.74 

.144 

3.576 

.048 

6.72 

.480 

3.240 

.240 

5.97 

.150 

3.725 

.050 

7.00 

.600 

3.375 

.250 

6.21 

.156 

3^74 

.052 

7.28 

.620 

3.510 

.260 

6.45 

.162 

4.023 

.054 

7.56 

.540 

3  645 

.270 

6.69 

.168 

4.172 

.056 

7.84 

.560 

3.780 

.280 

6.93 

.174 

4.321 

.058 

8.12 

.580 

3.915 

.290 

7.17 

.180 

4.470 

.060 

8.40 

.600 

4.050 

.300 

7.41 

.186 

4.619 

.062 

8.68 

.620 

4.185 

.310 

7.65 

.192 

4.768 

.064 

8.96 

.640 

4.320 

.320 

7.89 

.198 

4.917 

.066 

9.24 

.660 

4.465 

.330 

8.13 

.204 

5.066 

.068 

9.52 

.680 

4590 

.340 

8.36 

.210 

5.215 

.070 

9.80 

.700 

4.725 

.350 

8.60 

.216 

5.364 

.072 

10.08 

.720 

4.860 

.860 

8.84 

.222 

5.513 

.074 

10.36 

.740 

4.995 

.370 

9.08 

.228 

5  662 

.076 

10.64 

.760 

5.130 

.380 

9.32 

.234 

5.811 

.078 

10.92 

.780 

5.265 

.390 

9.56 

.240 

5.960 

.080 

11.20 

.800 

5.400 

.400 

MANGELS 


RUTABAGAS 


6 
6 

7, 
8 

lO, 
11. 
12. 
13 
14. 
15. 
16 
17, 
18. 
19. 
20. 


I 


.675 
.810 
.945 
1.080 
1.215 
1.350 
1.485 
1.620 
1.756 
1.890 
2.025 
2.160 
2.295 
2.430 
2.565 
2.700 


.065 
.066,  . 
.077  , 
.088 
.099' 
.110  1 
.121  1 
.13211 


.143 
.154 
.165 
.176 
.187 
.198 
.209 
.220 


510 
612 
714 
,816 
,918 
020 
122 
224 
326 
,428 
,580 
632 
734 
,836 
938 
040 


.005 
.006 
.007 
.008 
.009 
.010 
.011 
.012 
.013 
.014 
.015 
.016 
.017 
.018 
.019 
.020 


.465 

.546 

.637 

.728 

.819 

.910 

1.001 

1.092 

1.183 

1.274 

1.365 

1.456 

1.547 

1.638 

1.729 

1.820 


.055 
.066 
.077 
.088 
.099 
.110 
.121 
.132 
.143 
.164 
.165 
.176 
.187 
.198 
.209 
.220 


.270 
.324 
.878 
.432 
.486 
.540 
.594 
.648 
.702 
.766 
.810 
.864 
.918 
.972 
1.026 
1.08O 


.005 
.006 
.007 
.008 
.009 
.010 
.011 
.012 
.013 
.014 
.016 
.016 
.017 
.018 
.019 
.020 


.670 

.684 

.798 

.912 

1.026 

1.140 

1.254 

1.368 

1.482 

1.596 

1.710 

1.824 

1  938 
2.062 

2  166 
2.280 


.050 
.060 
.070 
.080 
.090 
.100 
.110 
.120 
.130 
.140 
.150 
.160 
.170 
.180 
.190 
.200 


.405 

.486 

.567 

.648 

.729 

.810 

.891 

.972 

1.063 

1.134 

1.215 

1.296 

1.377 

1.458 

1.539 

1.620 


.010 
.012 
.014 
.016 
.018 
.020 
.022 
.024 
.026 
.028 
.030 
.032 
.034 
.036 
.088 
.040 
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TABLE  OXXXL—Oivlnff  Pound«  of  Dry  Matter  and  Dlffoatibla  Nntriamts 
Oontained  in  a  Oiven  Kamb«r  of  Poanda  of  Food  Stafll—Contliined. 


BARLBY 

CORN 

OATS 

1 

Composition 

Composition 

CoMPOftinoM 

LBS. 

Dry 
Mat- 

DiOBSTIBLB 

Dry 
Mat- 

DiOBSTIBLB 

Dry 

DIGBSTIBLB 

Mat- 

ter 

Pro.  C.  H. 

Fat 

ter 

Pro. 

C.  H. 

Pat 

ter 

Pro. 

C.  H. 

Pat 

1 

.89 

.0871     656 

.016 

.89 

.079 

.667 

.043 

.89 

.092 

.478 

.042 

2 

1.78 

.1741.312 

.032 

1.78 

.158 

1.334 

.086 

1.78 

.184 

.946 

.084 

3 

2.67 

.261,1.968 

.048 

2.67 

.287 

2.001 

.129 

2.67 

.276 

1.419 

.126 

4 

3.56 

.34812.624 

.064 

3.56 

.316 

2.668 

.172 

3.56 

.368 

1.892 

.168 

5 

4.45 

.43513.280 

.080 

4.45 

.896 

3.385 

.215 

4.45 

.460 

2.366 

.210 

6 

5.35 

.522 

3.936 

.096 

5.35 

.474 

4.002 

.258 

6.34 

.662 

2.838 

.252 

7 

6.24 

.609 

4  592 

.112 

6.24 

.553 

4.669 

.301 

6.23 

.644  3.3111 

.294 

8 

7.13 

.696 

5.248 

.128 

7.13     ,632 

5.836 

.344 

7.13 

.736 

3.784 

.386 

9 

8.02 

.783 

5.904 

.144 

8.02     .711 

6.008 

.387 

8.01 

.828 

4.267 

.378 

10 

8.91 

.870 

6.560 

.160 

8.91     .790 

6.670 

.430 

8.90 

.930 

4.780 

.420 

LBS. 

CORN  and  COB  MBAL 

RYE 

BREWERS'  GRAINS. 
DRIED 

1 

.85 

.044 

.60 

.029 

.88 

.099 

.676 

.011 

.92 

.167 

.363 

.06 1 

2 

1.70 

.088 

1.20 

.058 

1.77 

.198 

1.352 

.022 

1.84 

.314 

.726 

.102 

3 

2.55 

.132 

1.80 

.087 

2.65 

.297 

2.028 

.083 

2.75 

.471 

1.089 

.163 

4 

3.40 

.176 

2.40 

.116 

3.54 

.396 

2.704 

.044 

3.67 

.628 

1.452 

.204 

« 

4.24 

.220 

3.00 

.145 

4.42 

.495 

3.380 

.055 

4.69 

.785 

1.815 

.255 

6 

5.09 

.264 

3.60 

.174 

5  30 

.594 

4.066 

.066 

6.61 

.942 

2.178 

.306 

7 

5.94 

.308 

4.20 

.203 

6.19 

.693 

4.732 

.077 

6.43 

1.099 

2.641 

.357 

8 

6.79 

.352 

4.80 

.232 

7.07 

.792 

5.408 

088 

7.84 

1.266 

2.904 

.408 

9 

7.64 

.396 

5.40 

.261 

7.96 

.891  6.084 

.099 

8.26 

1.413 

3.267 

.469 

10 

8.49 

.440 

6.0U 

.290 

8.84 

.990  6.760 

.110 

9.18 

1.670 

3.630 

.610 

LBS. 

WHEAT 

BRAN 

SHORTS 

1 

.89 

.105 

.692 

[   .017 

.88 

.129 

.401 

.034 

.88 

.122 

.50 

.038 

2 

1.79 

.210 

1.384 

.034 

1.77 

.258 

.802 

.068 

1.76 

.244 

l.OO 

.076 

3 

2.68 

.315 

2.076 

.051 

2.65 

.887 

1.203 

.102 

2.66 

.366 

1.50 

.114 

4 

3,58 

.420 

2.768 

.068 

3.54 

.516 

1.604 

.186 

3.63 

.488 

2.00 

.152 

5 

4.47 

.525 

3.460 

.085 

4.42 

.645 

2.005 

.170 

4.41 

.610 

2.50 

.100 

6 

5.37 

.630 

4.152 

.102 

6.31 

.774 

2.406 

.204 

6.29 

.732 

3.00 

.228 

7 

6.26 

.735 

4.844 

.119 

6.19 

.903 

2  807 

.238 

6.17 

.864 

3.60 

.266 

8 

7.16 

.840 

5.536 

.136 

7.08 

1.032 

3.208 

.272 

7.05 

.976 

4.f»0 

.S04 

9 

8.06 

.945 

6.228 

.153 

7.96 

1.161 

3.609 

.306 

7.94 

1.098 

4.SO 

.842 

10 

8.95 

1.050 

6.920 

.170 

8.86 

1.290 

4.010 

.340 

8.82 

1.220 

6.00 

.380 

LBS. 

COTTON  SEED 
MBAL 

OIL  MEAL 

GLUTEN  MBAL 

1 

.92 

.372 

.169 

.122 

.91 

.293 

.827 

.07 

.92 

.268 

.433 

.110 

2 

1.84 

.744 

.338 

.244 

1.82 

.586 

.654 

.14 

1.84 

.616 

.860 

.220 

3 

1^.76 

1.116 

.507 

.366 

2.72 

.879 

.981 

.21 

2.76 

.774 

1.299 

.330 

4 

3.67 

1.488 

.676 

.488 

3.63 

1.172 

1.308 

.28 

8.67 

1.032 

1.732 

.440 

5 

4.59 

1.860 

.845 

.610 

4.54 

1.465 

1.635 

.35 

4.69 

1.290 

2.1  «6 

.550 

LBS. 

BUCKWHEAT 
SHORTS 

GERM  MEAL 

PBA8 

1 

.89 

.211 

.335 

.065 

.90 

.09 

.612 

.062 

.89 

.168 

.518 

.007 

2 

1.78 

.422 

.670 

.110 

1.79 

.18 

1.224 

.124 

1.79 

.336 

1.030 

.014 

3 

2.67 

.633 

1.005 

.166 

2.69 

.27 

1.836 

.186 

2.68 

.50^ 

1.5S4 

.021 

4 

3.56 

.844 

1.340 

.220 

3.58 

.36 

2.448 

.248 

3.58 

.672 

2.072 

.028 

6 

4.45 

1.055 

1.675 

.275 

4.48 

.45 

3.060 

.310 

4.47 

840 

2.590 

.035 
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TABLE  OXXXTT.— Olvlng  Oast  of  One  Pound  at  a  GlTon  Price  and 
Welffht  per  Bushel. 


When  a  Bushel 
Costs 


When  a  Bnshel  Weighs 


33 

Lbs. 
1  Lb. 
Costi* 


42 

Lbs. 
I  Lb. 
Costs 


46 
Lbs. 
1  Lb. 
Costs 


48 
Lbs. 
I   Lb. 
Costs 


50 

Lbs. 
1  Lb. 
Costf* 


53 

56 

58 

Lbs. 

Lbs. 

Lbs. 

1   Lb. 

1  Lb 

I   Lb. 

Costs 

Cost* 

Costs 

60 
Lbs. 
1   Lb 
Costs 


70 
Lbs. 
1  Lb. 
CosU 


Cents 

lO.. 

11 

12 

18 

14. 

15 

le 

17... 

18 

19 

30 

ai. 

aa 

38 

34. 

35 

3© 

37 

28 

39 

30 

81.. 

33 

88..^ 

34.. 

85 

se.-... .> 

87^ 

88 

89 

40 

41 

43 

48 

44.^ 

45 

4e.« 

47 

48 

49 

50.... 

51... 

52 

58.^ 

54 

55 

68 

67 

68 

69 

60 


Cents 

Cents 

.312 

.237 

.344 

.262 

.375 

.286 

.406 

.309 

.437 

.333 

.469 

.357 

.500 

.381 

.531 

.405 

.562 

.428 

.694 

.462 

.625 

.476 

.656 

.500 

.687 

.624 

.719 

.547 

.750 

.571 

.781 

.696 

.812 

.619 

.844 

.643 

.875 

.667 

.90B 

.690 

.937 

.714 

.969 

.738 

l.OOO 

.762 

1.031 

.787 

1.062 

.809 

1.094 

.833 

1.125 

.857 

1.156 

.881 

1.187 

.906 

1.219 

.928 

1.250 

.952 

1.281 

.976 

1.312 

1.000 

1.344 

1.024 

1.375 

1.048 

1.406 

1.071 

1.437 

1.095 

1.469 

1.119 

1.500 

1.143 

1.631 

1.167 

1.662 

1.190 

1.694 

1.214 

1.625 

1.238 

1.656 

1.262 

1.687 

1.286 

1.719 

1.309 

1.750 

1.333 

1.781 

1.357 

1.812 

1.381 

1.844 

1.405 

1.S75 

1.42» 

Cents 

.217 

.239 

.261 

.283 

.3041 

.326 

.348 

.369 

.391 

.413 

.435 

,456 

.478 

.500 

.522 

.544 

.565 

.587 

.609 

.630 

.652 

.674 

.696 

.717 

.739 

.761 

.783 

.804 

.826 

.848 

.869 

.891 

.913 

.936 

.956 

.978 
l.OOOi 

1.022!    

1.043  1.000 

1.065  1.021 

1.087 

1.109 

1.130 

1.152 

1.174 

1.196 

1.217 

1.239 

1.261 

1.283 

1.304 


Cents 
.208 
.229 
.250 
.271 
.292 
.312 
.333 
.354 
,376 
.396 
.417 
.437 
.458 
.479 
.500 
.521 
.542 
.563 
.683 
.604 
.625 
,646 
.667 
.687 
^708 
.729 
.750 
.771 
.792 
.812 
.833 
.864 
.875 
.896 
.917 
.937 
.958 
979 


1.042 
1.062 
1.083 
1.104 
1.125 
1.146 
1.167 
1.187 
1.208 
1.229 
1.260 


Cents 

.20 
.22 
24 
.26 
.28 
.30 
.32 
.34 
.36 
.38 
.40 
.42 
.44 
.46 
.48 
.50 
.52 
.5* 
.56 
.58 
.60 
.62 
.64 
,66 
.68 
.70 
.72 
.74 
.76 
.78 
.80 
.82 
.84 
.86 
.88 
.90 
.92 
.94 
.96 
.98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 
1.12 
1.14 
1.16 


Cents 
.192 
,212 
.231 
.250 
.269 
.288 
.308 
.327 
.346 
.365 
.385 
.404 
.423 
.442 
.461 
.481 
.600 
.519 
.638 
.568 
.577 
.596 
.615 
.635 
.654 
.673 
.692 
.711 
.731 
.750 
.769 
.788 
.808 
.827 
.846 
,866 
.884 
.904 
923 
.942 
.961 
.981 
1.000 
1.019 
1.038 
1.058 
1.077 
1.096 
1.115 


1.18;1.134 

1.201.164 


Cents 
.178 
.196 
.214 
.232 
.260 
.268 
.286 
.304 
.321 
,339 
.367 
,875 
.393 
.411 
.428 
.446 
.464 1 
.482 
.500 
.518 
.536 
.664 
.571 
.589 
.607 
.625 
.643 
.661 
.678 
.696 
.714 
.732 
.760 
.768 
.786 
.804 
.821 
.839 
.857 
.876 
.893 
.911 
.928 
.946 
.964 
.982 
1.000 
1.018 
1.036 
1.064 
1.071 


Gents 
.172 
.189 
.207 
.224 
.241 
.259 
.276 
.393 
,310 
.327 
,346 
.862 
.379 
.396 
.414 
.431 
.448 
.465 
.483 
.600 
.517 
.634 
.552 
.569 
.686 
.603 
.630 
.638 
.656 
.672 
.689 
.707 
.724 
.741 
.759 
.776 
.793 
.810 
.827 
.845 
.862 
.879 
.896 
.913 
.931 
.948 
.965 
.983 
1.000 
1.017 
1  034 


Cents 
.167 
.183 
.200 
.217 
.233 
.260 
,267 
.283 
.300 
.317 
.333 
.350 
,367 
.383 
.400 
.417 
.433 
.450 
.467 
.483 
.500 
.517 
,533 
.550 
.56 
.583 
.600 
.617 
.633 
.650 
.667 
.683 
.700 
.717 
.733 
.750 
.767 
.783 
.800 
.817 
.833 
.850 
.86' 
.883 
.900 
.917 
.933 
.950 
.967 
.983 

1.000 


Cents 
.143 
.167 
.171 
.186 
.200 
.214 
.228 
.243 
.257 
.271 
.280 
.300 
.314 
.328 
.343 
.367 
.371 
.386 
.400 
.414 
.428 
.443 
.467 
.471 
.486 
.50© 
.514 
.628 
.543 
.557 
.571 
.586 
.600 
.614 
.628 
.643 
.657 
.671 
.686 
.700 
.714 
.728 
.743 
.767 
.771 
.786 
.800 
.814 
.828 
.843 
.857 


NOTB.— The  above  table  and  the  one  following  are  made  to  aid  in  determining  the 
cost  of  a  ration.  If  it  is  desired  to  ascertain  the  cost  of  a  pound  of  oats  when  it 
sells  for  28  cents  per  bnshel,  follow  down  the  column  nnder  the  heading  ••When  a 
Bashel  Costs'*  until  the  number  23  is  reached ;  then  to  the  right  to  the  column 
headed  •'82,"  because  there  are  32  pounds  in  a  bushel,  where  .719  is  given  as  the 
price  of  1  pound  of  oats.  Multiplying  this  factor  by  the  number  of  pounds  of  oats 
to  be  used  in  the  ration  gives  2.167  cents,  the  cost  of  3  pounds  of  oats.  If  barley  is 
fed,  follow  the  line  to  the  right  until  the  column  headed  "48"  is  reached,  which 
gives  .479  as  the  cost  of  1  pound  of  barley  when  a  bushel  costs  28  cents.  If  4 
pounds  of  barley  are  fed  the  cost  Is  1.916  cent*. 
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TABLE  C XXXIII.— aivinff  Cost  of  One  Pound  at  a  Given  Price  Per  Ton. 


Price 

Cost 

Price 

Cost 

Price 

Cost 

Price 

Cost 

Price 

Cost 

Price 

Cost 

of 

ol 

of 

of 

of 

of 

of 

of 

of 

of 

of 

Of 

1  Ton 

1  Lb. 

ITon 

1  Lb. 

1 

tTon 

1  Lb. 

ITon 

1  Lb. 

ITon 

I  Lb. 

ITon 

ILb. 

$ 

Ccnta 

$ 

Cents 

$ 

Cents 

$ 

Cents 

$ 

Cents 

$ 

CeiiU 

.25 

.0125 

57 

.0285 

.89 

.0445 

6.25 

.3125 

14.26 

.712 

22.26 

1.112 

.26 

.0130 

.58 

.0290 

.90 

.0450 

6.50 

.3260 

14.60 

.725 

22.50 

1.125 

.27 

.0135 

.69 

.0295 

.91 

.0465 

6.76 

.3376 

14.75 

.737 

22.75 

1.137 

.28 

.0140 

60 

.0300 

.92 

.04601 

7.00 

.3600 

15.00 

.760 

23.00 

1.150 

.29 

0145 

.61 

.0305 

.93   .04661 

7.25 

.3H26 

15.26 

.762 

23.26 

1.162 

.30 

.0160 

.62 

.O.HIO 

.94  i.0470| 

7.50 

.3760 

15.60 

.775 

23.50 

1.175 

.31 

.0165 

.63 

.0316 

.95   .04751 

7.75 

.3876 

16.75 

.787 

23.75 

1.187 

.32 

.0160 

.64 

0320 

,96   .0480, 

8.O0 

.4000 

16.00 

.800 

24.00 

1.200 

.33 

.0166 

.65 

.0325 

.97   .0485 

8.25 

.4125 

16.25 

.812 

24.25 

1.212 

.34 

.0170 

.66 

.0330 

.98   .0490 

8.60 

.4260 

16.60 

.826 

24.60 

1.226 

.35 

.0175 

.67 

.0335 

.99   .049.5 

8  75 

.4375 

16  75 

.837 

24.75 

1J837 

.36 

.0180 

.68 

0340 

t  1.00   .0500 

9.00 

.4500 

17.00 

.850 

26  00 

1.250 

.37 

.0186 

.69 

.0345 

1.25    .0625 

9.26 

.4626 

17.25 

.862 

25.26 

1.262 

.38 

.0190 

.70 

0350 

1.60   .0750 

9.50 

.4750 

17.50 

.875 

26  60 

1.275 

.39 

0195 

.71 

.0355 

1.75  1.0825 

9.75 

.4876 

17.75 

.887 

26.76 

1.287 

.40 

.0200 

.72 

.0360 

2.00   .1000 

10.00 

.6000 

18.00 

.900 

26.00 

1.300 

.41 

.0206 

.73 

.0365 

2.25   .1125 

10.25 

.6125 

18.25 

.912 

26.26 

1.312 

.42 

.0210 

.74 

.0370 

2.50   .12.50 

10.60 

.5260 

18.50 

.926 

26.50 

1.326 

A3 

.0215 

.76 

.0375 

2.75   .1375 

10.75 

.5376 

18.76 

.937 

26  75 

1  337 

.44 

.0220 

.76 

.0380 

3.00 

.1500] 

ll.OO 

.5500 

19.00 

.960 

27.0O 

1.850 

.45 

.0226 

.77 

.0385 

3.25 

.1625! 

11.26 

.6625 

19.25 

.962 

27.26 

1.362 

.46 

.0230 

.78 

0390 

3.50 

.1750| 

11.60 

.6760 

19.60 

.975 

27.60 

1.376 

.47 

.0235 

.79 

.0395 

3.75 

.1875 

11.75 

.6875 

1976 

.987 

27.75 

1.887 

.48 

.0240 

.80 

.0400 

4.00 

.20001 

12.00 

.6000 

20.00 

1.000 

28  00 

1.400 

.49 

.0246 

.81 

.0405 

4.25 

.2125 

12.25 

.6126 

20.26 

1.012 

28.26 

1.41S 

.50 

.0250 

.82 

.0410 

4.60 

2250 

12.60 

.6250 

20.50 

1.026 

28.60 

1.425 

.61 

.0255 

.83 

.0416 

4  76 

.2375 

12.76 

.6376 

20.76 

1.037 

28.75 

1.437 

.62 

.0260 

.84 

.0420 

6.00 

.2600 

13.00 

.6600 

21.00 

1.06O 

29.00 

1.450 

.53 

.0265 

.85 

.0425 

,6.25 

.2625 

13.2^ 

.6626 

21.26 

1.062 

29.25 

1.4«2 

.54 

.0270 

.86 

.0430 

5.50 

.2750 

13.60 

.6760 

21. .'SO 

1.076 

29.50 

1.475 

.65 

.0275 

.77 

0435 

5.75 

.2875 

13.76 

.6876 

21.76 

1.087 

29.76 

1.487 

.56 

.0280 

.88 

.0440 

6.00 

.3000 

14.00 

.7000 

22.00 

1.100 

30.00 

l.SOO 

HOW  TO  COMPOUND  A  RATION. 


In  compounding  rations,  several  things  should  be  taken 
into  account.  When  hay  is  fed,  the  ration  should  contain 
concentrates  and  roughage  in  about  equal  weight,  while  it 
should  contain  about  one  arid  a  half  as  much  roughage  when 
cured  sorghum,  stover,  or  corn  fodder  is  used,  because  these 
contain  about  40  per  cent,  water,  while  the  different  kinds 
of  hay  contain,  in  round  numbers,  about  12  per  cent.  When 
ensilage  is  fed  the  ration  should  contain  from  20  to  40 
pounds,  and  5  to  8  pounds  of  hay.  For  dairy  cows  that  arc 
expected  to  do  full  work  for  a  long  lifetime,  about  half  the 
dry  matter  should  be  provided  in  the  roughage,  and  half  in 
the  concentrates ;  but  if  it  is  desired  to  work  cows  only  a 
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short  tiipe  in  the  dairy,  and  make  them  yield  the  maximum 
amount  of  product,  then  the  ration  may  contain  less  rough- 
age and  more  concentrates.  When  grain  is  used,  it  is  desir- 
able to  have  two  or  more  kinds,  because  it  makes  the  ration 
more  palatable.  Cost  of  the  ration  should,  however,  not  be 
ignored  in  making  the  selection,  and  when  a  ration  can  be 
made  with  one  kind  of  roughage  and  one  or  two  kinds  of 
grain  or  mill  feed  at  a  marked  reduction  in  cost,  variety 
should  be  waived,  and  the  economical  ration  used,  as  the 
maximum  yield  can  be  approximately  secured  by  feeding 
good  fodder  com  for  roughage,  and  bran,  linseed  meal,  and 
cotton  seed  meal  for  concentrates.  Of  these  all  cows  are  very 
fond,  and  will  eat  a  full  ration  all  winter  without  showing 
the  slightest  inclination  to  tire  of  them. 

Some  succulent  food  is  desirable  in  a  ration,  but  not 
absolutely  necessary.  The  concentrates  mentioned  are 
sufficiently  laxative  to  counteract  the  constipating  proper- 
ties jn  the  roughage.  The  concentrates,  as  a  rule,  may  be 
fed  dry,  and  not  necessarily  in  connection  with  the  rough- 
age. So  routine  in  feeding  may  be  adjusted  to  the  con- 
venience of  the  feeder,  and  twice  a  day  will  suffice,  though 
strict  regularity  as  to  quantity  and  time  should  be  observed. 
This  applies  to  calves  and  young  stock,  as  well  as  to  mature 
animals.  Scales  in  the  cow  barn  are  just  as  essential  as  a 
time  piece  in  the  pocket  or  a  clock  in  the  house.  To  shovel 
the  food  to  a  cow  is  as  unbusinesslike  as  for  a  grocer  to 
guess  the  amount  he  delivers  to  his  customers. 

A  standard  ration  should  contain  25  pounds  of 
dry  matter,  and  of  digestible  substances,  2.5  of  a 
pound  of  protein,  12.5  of  carbohydrates,  and  .4  of  a 
pound  of  ether  extract  or  fat,  for  a  cow  weighing  1,000 
pounds  in  ordinary  working  condition.  But  practically 
cows  should  be  fed  according  to  their  feeding  and  producing 
capacity,  and  not  according  to  their  weight.  Good  results 
have  been  obtained  by  feeding  only  2.25  pounds  of  protein 
dailv.  and  until  more  definite  information  is  obtained  on 
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this  subject,  this  will  be  the  basis  of  our  calculations.  It 
also  appears  that  no  injurious  effects  are  produced  by  feeding 
more  fat  than  is  fixed  by  the  standard,  and  that  quite  as 
satisfactory  results  are  obtained  when  the  ration  contains 
three-quarters  of  a  pound  of  this  nutrient.  But  great  care 
should  be  taken  not  to  exceed  the  amount  of  carbohydrates 
mentioned. 

In  view  of  the  fact  that  there  is  considerable  variation 
in  the  .composition  ot  food  stuffs,  the  exact  amount  of 
nutrients  contained  in  any  food  is  not  known  without  re- 
sorting to  a  chemical  analysis,  and  since  this  is  not  possible 
with  the  farmer,  the  ration  may  contain  only  approximately 
the  amount  of  the  different  nutrients  mentioned  in  this 
standard. 

Assume  that  the  available  food  stuffs  are  timothy  hay, 
barley,  corn,  and  oats,  and  that  the  hay  sells  for  $6  per  ton, 
barley  for  30  cents  per  bushel,  com  25  cents,  oats  20  cents, 
and  undertake  to  formulate  a  ration  composed  of  these  only, 
using  14  pounds  of  timothy,  and  4  pounds  each  of  the 
grains.  Referring  to  table  CXXXL,  we  find  that  14  pounds 
of  timothy  provides  12.15  pounds  of  dry  matter,  and  of 
digestible  nutrients  .39  of  protein,  6.07  of  carbohydrates, 
and  .19  of  fat;  that  4  pounds  of  barley  contains  3.56  pounds 
of  dry  matter,  and  of  nutrients,  .35  of  protein,  2.62  of  car- 
bohydrates, and  .06  of  fat;  that  the  4  pounds  of  com  pro- 
vides 3.56  of  dry  matter,  .32  of  protein,  2.66  of  carbo- 
hydrates, and  .17  of  fat,  and  that  4  pounds  ol  oats  provides 
3.56  of  dry  matter,  .37  of  protein,  1.89  of  carbohydrates, 
and  .17  of  fat.  Referring  to  table  CXXXIII.,  giving  cost  of  1 
pound  at  a  given  price  per  ton,  it  is  found  that  when  timothy  is 
rated  at  $6  per  ton,  1  pound  costs  .3  of  a  cent;  and  multi- 
plying the  cost  of  one  pound  by  the  number  of  pounds  used 
it  is  found  that  the  cost  of  the  14  pounds  of  hay  is  4.2  cents 
Referring  to  table  CX XXI I.,  giving  the  cost  of  one  pound  at 
given  price  and  weight  per  bushel,  and  following  down  the 
first  column  until  the  price  quoted  for  a  bushel  ol  barley  is 
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found,  which  is  30  cts.,  and  following  the  line  horizontally 
to  the  right  until  the  column  headed  48  pounds  is  reached,— 
their  being  48  pounds  of  barley  in  a  bushel,— it  is  iound  that 
a  pound  of  barley  cost^  .625  of  a  cent.  Multiplying  the  cost 
of  1  pound  by  the  number  of  pounds  used,  it  is  found  that 
4  pounds  of  barley  costs  2.5  cts.  A  bushel  of  com  weighs 
56  pounds,  and  again  following  down  the  first  column  until 
25  is  reached,  the  price  of  a  bushel  of  com,  and  then  hori- 
zontally across  until  the  column  headed  56  is  reached,  it  is 
found  that  1  pound  of  corn  costs  .446  of  a  cent,  and  4 
pounds  four  times  .446,  or  1.78  cts.  And  in  like  manner  it 
is  found  that  when  a  bushel  of  oats  weighing  32  pounds 
costs  20  cents,  1  pound  costs  .625  cents  and  4  pounds 
costs  2.5  cents.  Combining  the  data  obtained  gives  the 
following  formula : 


Lbs. 

Dry 
Matter 

DiOBSTIBLB 

POOD 

Pro. 

C.H.     . 

P.t 

Cost 

Timothj  Hay 

BaflcT 

14 

4 
4 

4 

12.16 
3.66 
3.66 
3.66 

.30 
.36 
.32 
.37 

6,07 
2.62 
2.66 
1.89 

.19 
.06 
.17 
.17 

Cents 
4.2 
2.6 

^""■*'' 

^Qm ,,,, 

1.8 

Oats 

2.8 

22.83 

1.43 

13.24 

.69 

11.0 

Many  farmers  would  consider  this  ration  as  generous 
feeding  and  probably  would  permit  cows  during  the  day  to 
browse  in  thecomstalks  or  let  them  have  access  to  thestraw. 
stackr  Heavy  as  the  ration  is  it  provides  only  1.43  pounds 
of  protein,  which  is  only  enough  to  produce  half  a  mess  of 
milk,  after  deducting  the  amount  needed  for  bodily  mainten- 
ance. None  of  the  food  stufiFs  in  the  ration  can  be  increased 
because  the  carbohydrates  are  already  in  excess  of  the  amount 
needed,  and  a  cow  fed  such  a  ration  will  increase  in  weight 
and  shrink  in  milk.  In  order  to  provide  the  nutrients  needed 
for  milk  production,  it  will  be  necessary  to  take  out  some  of 
the  farm  grown  grains  and  substitute  some  mill  products 
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that  will  increase  the  protein  and  decrease  the  carbohydrates. 
The  4  pounds  of  barley  and  4  pounds  of  oats  will  bring  5 
cents  in  the  market  at  the  prices  quoted,  and  exchanging 
them  for  bran,  the  money  will  buy  10  pounds.  Formulating 
a  ration  with  the  timothy,  corn  and  bran  gives  the  folio wbg: 


Lbs. 

Dry 
Matter 

DiOBtTIBLB 

FOOD 

Pro. 

C.H. 

Pat 

Co«t. 

Timothy  Hay 

Corn 

14 

4 
10 

12.15 
3.56 
8.85 

.39 

.32 

1.29 

6.07 
2.66 
4.01 

.19 
.17 
.34 

Cent! 
4.2 
1.8 

Bran 

6.0 

24.56 

2.00 

12.74 

.70 

11,0 

This  ration  provides  all  the  fdod  an  ordinary  cow  can 
eat  in  one  day,  since  it  contains  24.56  of  dry  matter.  It  also 
contains  all  the  carbohydrates  and  fat  needed;  but  it  is  still 
lacking  in  protein,  since  there  are  only  two  pounds  in  thera- 
tion.  If  the  corn  is  reduced  to  2  pounds  and  the  bran  in- 
creased to  12  pounds  the  ration  will  contain  only  2.05  of 
protein.  If  the  com  is  taken  out  and  the  bran  increased  to 
14,  the  composition  of  the  ration  will  be  as  follows: 


Lbs. 

Dry 
Matter 

DiGBSTIBLB 

FOOD 

Pro. 

C.H. 

Pat 

Co«t 

Timothy  Hay 

Bran.......... 

14 
14 

12.15 
12.39 

.39 
1.80 

6.07 
6.21 

'   CeoU 
.19              4.2 

.47              7  0 

24.54 

2.19 

12.28 

.66 

11.2 

This  ration  is  rather  bulky.  It  furnishes  the  nutrients 
needed  for  light  dairy  work,  being  still  short  in  protein  for 
a  large  milker.  The  poor  ration  cost  11  cents;  by  exchanging 
the  farm  grown  grains  for  bran  and  adding  .2  of  a  cent  to 
the  cost,  a  ration  has  been  made  which  will  provide  thecows 
ordinarily  kept  on  farms  with  the  nutrients  needed  for  fair 
work  in  the  dairy. 
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A  ration  containing  a  greater  variety  would  be  better 
relished  and  if  more  protein  could  be  provided  without  con- 
siderable increase  in  cost,  better  results  would  be  obtained. 
Cows  are  exceedingly  fond  of  early-cut,  well-cured  straw,  vso 
by  reducing  the  timothy  hay  to  12  pounds  adding  4  pounds 
of  oat  straw  and  only  12  pounds  of  concentrates  composed 
of  4  of  corn,  5  of  bran,  2  of  linseed  meal  and  1  of  cotton  seed 
meal,  the  ration  will  be  greatly  improved. 


Lba. 

Dry 
Matt<r 

DiOBSTIBLB 

FOOD 

Pro. 

C.-H. 

Pat 

Cost 

Tiinothv  Hay 

Oat  Straw 

12 

4 
4 
ft 
2 

1 

10.42 
3.63 
3.56 
4.42 
1.82 
.92 

.34 

.05 
.32 
.64 
.58 
.37 

5.21 
1.54 
2.66 
2.00 
.65 
.17 

.17 
.03 
.17 
.17 
.14 
.12 

Cents 

3.6 

.2 

Com....' 

1.8 

Bran 

2  5 

Oil  Meal 

2.2 

Cottoa  Seed  Meal. 

1.2 

24.77 

2.30 

12.23 

.80 

11.5 

By  giving  each  cow  two  feeds  of  timothy  hay  per  day 
and  what  straw  she  will  take,  for  roughage;  and  for  con- 
centrates a  mixture  composed  of  4  pounds  of  ground  corn, 
5  of  bran,  2  of  linseed  meal  and  1  of  cotton  seed  meal,  giving 
to  each  as  much  as  she  needs  to  maintain  her  flow  of  milk, 
a  fairly  well  selected  herd  should  yield  on  an  average  about 
300  pounds  of  butter  during  the  year.  Cows  comfortably 
housed,  regularly  fed  and  milked,  provided  with  water  at  a 
temperature  of  60°F,  and  not  compelled  to  remain  out  more 
than  an  hour  during  cold  weather,  may  be  fed  of  this  ration 
all  they  will  take  without  any  danger  of  increasing  in 
weight. 

If  the  hay  to  be  fed  is  a  mixture  of  timothy  and  clover, 
cotitaining  about  an  equal  quantity  of  each,  twenty  pounds 
of  hay  may  be  used  in  the  ration  and  the  bran  reduced  to 
two  pounds.  This  will  slightly  increase  the  cost  of  the 
ration  but  it  also  increases  the  digestible  protein  from  2.30 
pounds  to  2.49  pounds. 
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Lbs. 

Dry 
Matter 

DIGBSTIBLB 

FOOD 

Pro. 

C.  H. 

Fat 

Co«t 

Timothy •. 

10 

to 

4 
2 
3 

8.68 
8.47 
3.66 
1.77 
2.76 

.28 
.68 
.32 
.26 
.77 

4.34 
8.58 
2.66 
.80 
1.30 

.14 
.17 
.17 
.07 
.33 

Cents 
3.00 

CloTcr 

2.50 

Com 

1.80 

Br  An 

1.00 

Gluten  Meal 

2.40 

25.24 

2.31 

12.68        !         .88 

10.70 

It  should  be  borne  in  mind  that  while  butter  fat  may  not 
be  the  direct  product  of  protein,  this  important  nutrient  is 
needed  to  provide  the  casein  and  albumen  in  the  milk  serum, 
which  is  the  host  of  the  butter  globules,  and  if  sufficient 
protein  for  this  purpose  is  -provided  in  the  coarse  food,  no 
expensive  concentrates  will  be  needed  in  the  ration  to  secure 
medium  dairy  work. 

In  case  all  the  roughage  is  clover,  the  concentrates  in 
the  ration  may  be  composed  almost  wholly  of  farm-grown 
grains  as  is  shown  by  the  following : 


Lbs. 

Dry 
Matter 

DlOBSTlBLB 

FOOD 

Pro. 

C.H. 

Fat 

Cost 

Clover  Hay..... 

15 

4 
4 
4 

12.70 

3.66 

3.66 

3.66 

.46 

1.02 
.85 
.82 
.87 
.19 

5.37 
3.62 
2.66 
1.89 
.08 

.25 
.06 
.17 
.17 
.06 

Cestf 
3.75 

Barley 

2.50 

Com...... 

1.80 

Oats 

Cotton  Seed  Meal.. 

2.50 
.60 

23.84 

2.25 

1262 

.71 

11.15 

The  ration  composed  of  clover  and  4  pounds  each  of 
barley,  corn  and  oats  provides  all  the  nutrients  needed  for  a 
full  flow  of  milk,  except  protein,  which  is  2.06,  whik  it 
should  not  fall  below  2.25  pounds.  Since  there  are  12.54 
pounds  of  carbohydrates  in  the  ration,  which  is  the  maxi- 
mum amount  that  24  pounds  of  dry  matter  should  have, 
the  shortage  in   the  protein  must  be  made  good  by  adding 
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wme  food  which  contains  a  very  high  per  cent,  of  protein 
and  a  very  low  per  cent,  of  carbohydrates.  No  concentrate 
fills  the  two  requirements  so  well  as  does  cotton  seed  meal. 
Adding  half  a  pound  of  this  food  to  the  ration  at  the  cost  of 
only  .6  of  a  cent  perfects  it  in  every  essential  point,  though 
it  would  not  supply  the  protein  needed  for  a  very  large  yield 
of  rich  milk.  For  such,  one  pound  of  cotton  seed  meal  should 
be  added,  which  would  increase  the  dry  matter  to  24.30 
pounds  and  the  digestible  substances  to  2.43  pounds  of 
protein,  12.71  of  carbohydrates,  and  .71  of  ether  extract. 
Feeding  clover  hay  in  place  of  timothy  makes  it  possible  to 
provide  a  palatable  and  properly  balanced  ration  from  the 
food  stuffs  grown  on  the  farm  with  the  aid  of  only  half  a 
pound  of  cotton  seed  meal.  A  similar  combination  may  be 
made  when  alsike  clover  is  available,  as  will  be  seen  from 
the  following  formula : 


Lbs. 

Dry 
Matter 

DIOKSTIBLB 

FOOD 

Pro. 

C.  H. 

Fat 

Cost 

Alsike 

14 

4 
4 

4 

12.64 
8.56 
3.n6 
S.ftS 

1.18 
.35 
.82 
.37 

5.95 
2.62 
2.66 
1.89 

.21 
.06 
.17 
.17 

Cents 
8.50 

Barlej 

2.50 

Com 

1.80 

Oats 

2  50 

23.82 

2.22 

18.12 

.61 

10.30 

This  ration  contains  practically  the  same  amount  of 
protein  and  a  trifle  more  carbohydrates;  but  the  excess  of 
carbohydrates  is  in  a  measure  corrected  by  the  decrease  in 
fat.  It  cost  1.2  cents  less  than  the  balanced  ration  contain- 
ing timothy  hay,  and  .85  of  a  cent  less  than  the  ration  con- 
taining clover  hay. 

When  alfalfa  hay  is  provided  for  roughage,  the  question 
of  economy  may  receive  more  consideration  than  was 
permissible  in  the  formulae  preceding.  Alfalfa  has  not  only 
a  high  protein  content,  but  it  is  low  in  carbohydrates  as 


Digitized  by  VjOOQIC 


5#2 


FEEDING  DAIRY  COWS. 


well.  In  examining  the  cost  pf  the  four  pounds  of  barley, 
corn,  and  oats,  it  will  be  seen  that  the  four  pounds  of  corn 
cost  only  1.8  cents,  while  each  of  the  other  grains  cost  2.5 
cents.  It  was  for  this  reason  that  barley  and  oats  were 
eliminated  from  the  ration  containing  timothy  hay;  but  the 
corn  could  not  be  increased,  because  it  would  provide  too 
much  carbohydrates.  With  alfalfa,  however,  no  such  diffi- 
culty arises;  and  corn  may  be  substituted  for  the  other 
grains  or  used  exclusivel}'  for  concentrates.  When  the  proper 
combination  is  made,  animals  may  be  fed  all  they  will  eat 
with  the  maximum  returns,  without  danger  of  injury  by 
overeating. 

The  following  ration  contains  the  minimum  amount  of 
roughage  to  grain : 


Lbs. 

Dry 
Matter 

DiGBSTIllLB 

FOOD 

Pro. 

C    H. 

Pat 

Cost 

Alfalfa 

1ft 
10 

13.74. 
8.91 

1  65 
.79 

5.94 
6.67 

.18 
.43 

Genu 
3.75 

Com  Meal 

4.60 

22.65 

2.44 

12.61 

.61 

.8.25 

When  this  combination  is  made,  great  care  must  be  exer- 
cised as  to  the  quantity  fed.  Com  meal  differs  from  other 
grain  meals  and  concentrates,  and  should  not  be  fed  with- 
out being  mixed  with  some  other  food  that  will  lie  more 
loosely  in  the  stomach,  because  it  becomes  too  sodden  when 
fed  alone.  When  corn  meal  is  the  sole  concentrate,  the 
roughage  should  be  passed  through  a  feed  cutter  and  the 
meal  mixed  with  it.  The  ration  costs  3.25  cents  less  than 
the  one  containing  timothy,  and  2.9  cents  less  than  the 
ration  containing  cFover 

A  safer  and  better  ration  is  formed  by  chaffing  the  alfalfa 
hay  and  mixing  with  it  about  half  in  weight  of  com  meal. 
The  bulky  character  of  the  mixture  will  prevent  an  animal 
from  eating  too  much. 
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Lbs. 

Dry 
Matter 

DIOBSTIBLB. 

FOOD 

Pro. 

C.  H. 

Fat 

Cost 

AHalfa 

.  16 
8 

14.66 
7.31 

1.76 
.63 

6.33 
S.33 

.19 
.34 

Cent*. 
4.00 

Com  Meal 

3.60 

21.97 

2.39 

11.66 

.53 

7.60 

Valuing  the  hay  $5  per  ton  and  the  com  sX  25  cts. 
per  bushel,  the  cost  of  the  ration  is  7.6  cents. 

The  prairie  hay  growing  in  the  northwest  has  been  thor- 
oughly tested  with  dairy  cows  in  practical  feeding  and  diges- 
tion experiments.  Its  composition  and  digestibility  depends 
upon  the  character  of  the  land  with  reference  to  moisture. 
That  grown  on  low,  damp  land  is  termed  "  prairie  swale," 
and  contains  2.6  per  cent,  digestible  protein.  That  grown 
on  medium  low  land,  and  being  a  mixture  of  that  grown  on 
higher  and  lower  lands,  contains  2.9  per  cent,  digestible  pro- 
tein, while  that  grown  on  upland  contains  3  percent,  protein. 
In  feeding  early -cut,  properly  cured  prairie  hay,  there  is  no 
loss  in  waste,  as  cows  take  it  all ;  and  on  this  account  it  is  a 
most  satisfactory  food.  In  compounding  rations  containing 
prairie  hay  for  roughage,  little  farm-grown  grain  can  be 
used,  because  of  the  low  protein  content,  unless  the  grain  is 
supplemented  by  some  mill  products  containing  much  protein . 

When  com  is  relatively  low  in  price,  it  is  desirable  to 
use  as  much  as  possible  in  the  ration,  and  one  composed  as 
follows  will  be  very  satisfactory : 


Lbs. 

Dry 

Matter 

DlGBSTlBLB 

FOOD 

Pro. 

C.H. 

Fat 

Cost 

Prairie  Hay 

16 
6 
6 
2 

1 

12.61 

4.45 

4.42 

1.82 

.92 

.43 
.39 
.64 
.69 
.37 

6.22 

3.33 

2.00 

.65 

.17 

.18 
.21 
.14 
.14 
.12 

Cents 
3.00 
2.23 

Com 

Bran 

2.50 

Oil  Meal 

2.25 

Cotton  Seed  Meal- 

1.20 

24.22 

2.42 

12.37 

.79 

11.18 
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This  is  a  most  excellent  ration,  since  it  provides  the  nu- 
trients in  the  right  proportion.  Though  there  is  nearly 
twice  the  amount  of  fat  called  for  by  the  standard,  we  have 
as  yet  failed  to  notice  any  injurious  eflFect  from  such 
excess. 

If  it  is  desired  to  feed  barley,  it  may  be  substituted  for 
com.  This  will  materially  reduce  the  fat  in  the  ration,  as 
will  be  seen  by  the  following : 


Lbfl. 

Dry 
Matter 

DiGBtTIBLB 

FOOD 

Pro. 

C.H. 

Fat 

Cost 

Prairie  Hay 

15 
5 
6 
2 

1 

12.61 

4.4S 

4.42 

1.82 

.92 

.43 
.43 
.64 
.09 
.37 

6.22' 

3.28 

2.00 

.65 

.17 

Centi 
.18             3.00 

Barley 

.08             3.12 

Bran 

.17             2.60 

Oil  Meal 

.14             2.26 

Cottoa Seed  Meal.. 

.12             1.20 

24.22 

2.46 

1232 

.69 

12.07 

This  ration  is  in  every  essential  point  similar  to  the  0I]^ 
containing  the  corn,  except  that  it  ismore expensive.  Wheat, 
oats  or  rye  could  have  been  substituted  with  similar  results. 
Oats  contain  less  carbohydrates,  but  make  this  good  by 
contributing  more  fat.  If  more  than  five  pounds  of  grain 
are  to  be  fed  in  the  ration,  the  bran  must  be  reduced,  and  a 
little  more  cotton  seed  meal  added.  Rations  should  be  so 
adjusted  that  the  dry  matter  will  not  be  much  over  24 
pounds,  the  protein  not  below  2.25,  and  the  carbohydrata 
not  over  12.5  pounds.  Of  the  grains,  corn  is  the  cheapest, 
and  of  the  mill  by-products,  cotton  seed  meal  is  the  cheapest; 
so  if  as  much  of  these  is  used  as  possible  without  unbalan- 
cing the  ration,  it  will  be  provided  at  the  least  cost.  In  some 
of  the  rations  given, gluten  meal  might  besubstituted  forthe 
cotton  seed  meal  and  oil  meal. 
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Lbs. 

Dry 
Matter 

DiOBtTIBLB 

FOOD 

Pro. 

C.  H. 

Fat 

Cost 

Prairie  Hay 

16 
6 
3 
2 

1 

13.62 

6.35 

2.65 

1.84 

.91 

.46 
.47 
.30 
.74 
.29 

6.64 

4.00 

1.20 

.34 

.33 

.19 
.26 
.10 
.24 
.07 

Cents 
3.20 

Com 

2  67 

Bran 

1.60 

Cotton  Seed MeaJ.. 
Oil  Meal 

2.40 
1  12 

24.27 

2.36 

12.61 

.86 

10.89 

This  is  about  as  cheap  a  ration  as  can  be  made  with  hay 
and  corn  as  a  considerable  portion  of  it.  A  cheaper  one  can 
be  compounded  with  fodder  corn  for  roughage.  When 
this  food  stufi  is  provided  from  15  to  25  pounds  should  be 
used. 


Lbs. 

Dry 
Matter 

DIOBSTIBLB 

FOOD 

Pro. 

C.H. 

Fat 

Cost 

Fodder  Com 

20 

4 
6 
3 

11.66 
3.66 
4.42 
2.76 

.60 

.32 
.64 

.77 

6.92 
2.66 
2.00 
1.80 

.24 
.17 
.17 
.88 

Cents 
2.00 

Corn 

1.80 

Bran...................^.T 

2.50 

Oluten  Meal 

2.40 

W.80 

2.23 

12.8S 

.91 

8.70 

This  ration  costs  only  8.70  cents,  and  provides  all  the 
material  needed  for  milk  production. 

If  clover  can  be  fed  with  fodder  corn,  bran  may  be  omit- 
ted and  this  ration  balanced  with  the  oil  meal  and  cotton 
seed  meal,  at  a  material  reduction  in  cost : 


Lbs. 

Dry 
Matter 

DlGBSTIBLB 

FOOD 

Pro. 

C.H. 

Fat 

Cojit 

Fodder  Com 

16 
10 

4 
2 
1 

8.67 
8.47 
3.66 
1.82 
.92 

.37 
.68 
.32 
.68 
.37 

6.19      .        .18 
3.68              .17 

Cents 
1.60 

ClOTer 

2.60 

Com 

2.66 
.66 
.17 

.17 
.14 
.12 

1.80 

Oil  Meal 

2.26 

Cotton  Seed  Meal.. 

1.20 

23.44 

2.32 

12.26 

.78 

9.25 

Digitized  by  VjOOQIC 


546 


FEEDING  DAIRY  [COWS. 


If  roots  are  available,  the  ration  should  contain  one 
part  each  of  grain  and  roots,  and  by  weight  once  and  a  half 
to  twice  as  much  fodder  corn  as  grain.  The  composition 
will  be  as  follows : 


Lbs. 

Dry 
Matter 

POOD 

Pro. 

C.H. 

Pat 

Cost 

Poddcr  Com......... 

18 
5 

3 
12 

10.40 
4.42 
d.S6 
2.76 
1.09 

.45 
.64 
.32 
.77 
.13 

6.22 
2.00 
2.66 
1.30 
.65 

.22 
.17 
.17 
.33 

.Ol 

Cents 
1.80 

Bmn 

2.60 

Corn 

1.80 

Gluten  Meal 

2.40 

Mangels 

.90 

22.23 

2.31 

12.83 

.90 

9.40 

It  is  not  deemed  best  to  use  more  than  four  pounds  of 
com  in  a  ration  when  cows  are  fed  to  their  full  capacity  and 
are  expected  to  work  a  full  lifetime  in  the  dairy.  When  cows 
are  required  to  take  two  pounds  of  roots  and  one  and  a  half 
pounds  of  fodder  com  for  each  pound  of  concentrates,  all 
danger  of  overeating  is  done  away  with. 

When  they  are  doing  medium  dairy  work,  and  grain  can 
be  exchanged  for  mill  feed,  the  following  ration  will  provide 
the  nutrients  needed  at  low  cost : 


Lbs. 

Dry 
Matter 

DiGBBTIBLR 

FOOD 

Pro. 

C.  H. 

Fat 

Cost 

Kodder  Com 

20 
2 

4 

11. S6 

1.78 

3.54 

3.56 

.91 

.92 

.60 
.16 
.52 
.49 
.29 
.37 

6.92 
1.33 
1.60 
2.00 
.83 
.17 

.24 
.08 
.17 
.15 
.07 
.12 

Cents 
2  OO 

Com 

.90 

3ran 

2  00 

Shorts 

4 
1 
1 

2  00 

Oil  Meal 

1.12 

Cotton  Seed  Meal.. 

1.20 

22.27 

2.38 

12.85 

.83 

9  22 

Corn  silage  does  not  meet  with  the  favor  among  dairy- 
men that  it  should;  not  that  it  will  produce  more  dairy 
products  from  a  given  area  of  land,  but  because  it  is  a  con- 
venient way  of  storing  good  food  that  is  always  in  palat- 
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able  form.  Furthermore,  it  economizes  labor  and  space,  and 
is  uniform  in  quality.  It  is  a  most  exellent  food  in  summer 
when  pastures  begin  to  fail.  A  suflScient  quantity  should  be 
stored  to  provide  feed  for  the  winter  months  and  from  the 
1st  of  July  to  the  1st  of  September. 

When  corn  silage  is  to  be  fed  with  clover,  the  ration  can 
be  as  follows: 


Lbs. 

Dry 
Matter 

DiGBSTIBLB 

POOD 

Pro. 

C.  H. 

Fat 

Cost 

Corn  Silage 

'     30 
10 

4 
2 

4 
1 

6.26 
8.47 
M.56 
1.78 
3.54 
.92 

.27 
.68 
.35 
.16 
.52 
.37 

3.39 
3  58 
2.62 
1.33 
1  60 
17 

.21 
.17 
.06 
.08 
.14 
.12 

Cents 
1.50 

CloTcr 

2.50 

Barley 

2.50 

Com 

.90 

Bran 

2.00 

Cotton  Seed  Meal.. 

1.20 

24.S3 

2.35 

12.69 

.78 

10.60 

This  combination  will  be  found  exceedingly  satisfactory 
since  the  foods  employed  are  greatly  relished  by  cows,  and 
they  furnish  all  the  nutrients  needed  in  the  right  proportion 
at  a  low  cost.  By  substituting  corn  for  the  barley  bran 
may  be  omitted  and  cotton  seed  meal  used,  making  a  reduc- 
tion in  cost. 


Lbs. 

Dry 

Matter 

DiGBSTlBLB 

FOOD 

Pro. 

C.  H. 

Fat 

Cost- 

Corn  Silaire 

30 

10 

6 

2 

1 

6.26 
847 
5.35 
1.82 
.92 

.27 
.68 
.47 
.58 
.37 

3.39 

3.58 

4.00 

.65 

.17 

.21 
.17 
.26 
.14 
.12 

Cents 
1.50 

Clover 

2.50 

Corn.... 

2.70 

Oil  Meal 

Cotton  Seed  Meal. 

2.25 
1.20 

22.82 

2.37 

11.79 

.90 

10  15 

When  fodder  coirn  is  to  be  fed  with  the  silage,  more  of 
the  concentrates  carrying  a  very  high  per  cent,  of  protein 
must  be  used,  if  a  considerable  amount  of  farm  grown  grain 
istobefed. 
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Lbs. 

Dry 
Matter 

DiOESTIBLB 

POOD 

Pro. 

C.  H. 

Pat 

Co«t 

Corn  SilAgc 

30 
10 
6 
3 
2 
1 

«.26 
fi.78 
G.Sfi 
2.6S 

.91 

.27 
.25 
.52 
.39 
.74 
.29 

8.89 
8.46 
3.98 
1.20 
.84 
.83 

.21 
.12 
.09 
.10 
.24 
.07 

CcoU 
1.60 

Fodder  Com 

1.00 

Barlej 

Bran 

3.36 
1.60 

cotton  Seed  Meal- 
Oil  Meal 

2.40 
2.36 

22.79 

2.46 

126S 

.83 

13  01 

The  roughage  in  the  silage  and  clover  ration  provided 
.95  of  a  pound  of  protein,  while  the  silage  and  fodder  com 
provide  only  .52  of  a  pound,  which  calls  for  more  protein  in 
the  concentrates  to  be  fed,  and  on  that  account  increases 
its  cost.  It  may  be  observed  that  all  the  rations  containing 
clover  or  alfalfa  are  relatively  cheap,  though  they  are  rated 
higher  than  they  would  generally  sell  for,  showing  that 
their  feeding  value  is  not  fully  appreciated.  Corn,  both  for 
silage  and  for  cured  fodder,  should  be  planted  so  thickly 
that  no  ears  are  formed,  as  clos^  planting  provides  a  greater 
amount  of  nutriment  from  a  given  area,  and  in  more  digest- 
ible form. 

If  any  of  the  ordinary  hays  other  than  that  from  the 
clovers  are  to  be  fed  in  connection  with  the  silage,  the 
combination  may  be  made  like  the  following: 


Lbs. 

Dry 
Matter 

DIGBSTIBLB 

FOOD 

Fro. 

C.  H. 

Fat 

Cott 

Corn  Silage 

Timothy 

30 
lO 

4 
4 
2 

1 

6.26 
8.68 
3.56 
3  54 
1.84 
.91 

.27 
.28 
.36 
.62 
.74 
.29 

3.39 
4.34 
2.63 
1.60 
.34 
.83 

.21 
.14 
.06 
.14 
.34 
.07 

Centt 
1.50 
3  00 

Barley 

2  60 

Bran 

2  00 

Cotton  Seed  Meal.. 
Oil  Meal 

2.40 

i.ia 

24.79 

2.45 

19.62 

.86 

13.53 

If  it  is  desired  to  feed  cows  roughage  only,  a  ration  may 
be  composed  of  earless  fodder  corn,  early  cut  and  well  cured. 
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soy  bean  and  cow  pea  hay  cut  in  full  bloom  and  well  cured. 
The  combination  may  be  made  as  follows: 


Lbfl. 

Dry 
Matter 

DlGBtTlBLB 

FOOD 

Pro. 

C.  H. 

Fat 

Cost 

Fodder  Com 

14 
9 
9 

8.09 
7.98 
8.04 

.8A 
.97 
.97 

4.84 
3.48 
3.47 

.17 
.13 
.10 

ftoy    B««n  

Cow  Fca 

24.11 

2.99 

11.79 

.40 

The  food  stuffs  should  be  run  through  a  machine  that 
cuts  and  crushes,  mixed  in  the  proportions  indicated  and 
fed  in  three  meals  per  day.  Stock  raised  on  coarse  feed  only 
will  eat  enough  of  this  mixture  to  do  light  work  in  the  dairy. 
Pea  hay  cut  in  bloom  may  be  used  in  lieu  of  either  or  both 
the  soy  bean  or  cow  pea  hay. 

It  is  not  intended  that  the  rations  should  be  made  up 
exactly  as  formulated.  In  most  of  them  any  other  farm- 
grown  grain  may  be  substituted  in  place  of  the  one  given. 
The  formulas  are  more  especially  intended  to  suggest  the 
proportion  of  grain  to  roughage,  mill  products  to  grains, 
and  total  concentrates  to  roughage.  Local  prices  of  food 
stuflfs  must  largely  determine  which  shall  be  used.  Oats 
have  been  almost  ignored,  because  it  seldom  occurs  that 
they  are  a  cheap  food,  either  threshed  and  ground  or  in  sheaf. 
Stover,  .usually  called  "com  stalks,"  has  also  been  left  out 
because  there  is  such  an  indefinite  amount  of  waste  in  feed- 
ing that  it  is  thought  better  to  leave  it  for  feeding  steers  and 
young  things. 

The  aim  has  been  to  show  that  the  essential  point  in  feed- 
ing for  milk  production  is  to  provide  enough  protein  and  not 
too  much  carbohydrates;  that  the  money  value  of  food  for 
dairy  cows  depends  upon  its  protein  content;  that  the 
cost  of  the  different  foods  is  a  material  factor;  and  that  the 
food  stuffs  should  be  in  such  condition  that  the  maximum 
amount  of  the  most  essential  nutrient  is  available. 
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SUB-STATIOH  EXPERIIENTS. 

INTRODUCTION. 

In  establishing  experiment  farms  the  legislature  has  recog- 
nized three  natural  divisions  of  the  state  based  upon  widely 
differing  agricultural  conditions. 

The  first  and  most  important  is  the  southern  division, 
lying  south  of  a  line  drawn  from  east  to  west  across  the 
state  at  St.  Cloud,  and  constituting  nearly  one-half  its  en- 
tire area.  The  conditions  of  this  southern  division  are 
practically  the  same  as  those  at  the  experiment  station  at 
St.  Anthony  Park,  and  the  extensive  line  of  experiments 
there  carried  on  are  conclusive  so  far  as  this  region 
is  concerned,  supplemented  as  they  are  by  investigations  at 
Cotcau  Farm,  where  the  conditions  are  the  same  as  those  of 
a  comparatively  small  area, — the  western  tier  of  counties  border- 
ing on  South  Dakota  south  of  the  source  of  the  Minnesota 
river.  In  this  southern  division  of  the  state  mixed  farming  is 
the  rule.  The  prairie  soils  are  mixed  clay  and  sand,  fertile, 
but  not  inexhaustible.  The  farmers  are  progressive  and  pros- 
perous, making  their  money  out  of  live  stock  and  gjain  crops 
with  fruits  and  vegetables  as  side  industries.  The  result  is 
present  profits  and  increasing  fertility  of  soil.  Good  buildings, 
groves,  fences,  roads  and  other  permanent  farm  improvements 
are  being  rapidly  developed,  and  the  prairie  has  already  been 
converted  into  a  land  of  attractive  homes. 

The  second  division  is  Minnesota's  part  of  the  great  Red 
River  Valley,  covering  an  area  forty  miles  wide  by  two  hundred 
and  fifty  miles  long.  The  conditions  here  are  peculiar.  Since 
the  river  flows  north  and  empties  into  Hudson  Bay,  its  source 
thaws  first,  while  the  ice  to  the  north  blocks  up  the  outlet. 
This  makes  the  valley  subject  to  spring  floods.  The  soil  is 
heavy,   poorly   drained,    with    fertility   seemingly   inexhaustible. 
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It  was  once  attractive  to  bonanza  farmers,  but  there  are  few 
men  in  that  region  who  do  not  now  admit  the  necessity  of  a 
radical  change  in  method.  How  to  institute  a  permanently  suc- 
cessful system  of  farming  in  th«  valley  is  a  leading  question  at 
this  time;  and  if  the  University  can,  by  its  experiments  at  the 
Northwest  Farm,  suggest  a  course  which  will  put  agriculture 
on  as  successful  a  basis  as  that  of  the  southern  division  it  will 
deserve  the  thanks  of  the  people  who  have  made  their  homes 
in  the  valley  and  add  immensely  to  the  wealth  of  the  state. 

The  third  division  of  the  state  is  the  Pine  Region,  which 
occupies  about  two-fifths  of  its  entire  area,  and  w*as  originally 
covered  with  forests  of  pine,  tamarack,  oak  and  other  valuable 
timber.  Here  are  extended  areas  of  sandy  soils,  sandy  loam, 
with  a  smaller  area  of  boulder  clay  and  fine  soils  of  muced 
sand  •and  clay,  and  in  the  extensive  tracts  of  poorly  drained 
areas  a  very  large  amount  of  peaty  soil.  The  lumbermen  have 
cut  over  the  forests  of  this  region  and  much  of  the  land  has 
been  thought  unfit  for  agriculture.  Until  recently  but  little 
attention  has  been  paid  to  it  by  incoming  settlers.  During  the 
past  few  years,  however,  a  sharp  advance  in  prices  of  other 
lands  in  the  state  has  drawn  a  strong  tide  of  immigration  to  this 
forest  region,  and  the  advance  guard  of  settlers  is  pushing  to- 
ward the  northern  boundary.  It  now  seems  probable  that  the 
agricultural  interests  of  the  third  division  will  prove  more  valu- 
able than  its  immense  mineral  deposits,  which  have  already  re\'D- 
lutionized  the  iron  industries  of  the  world.  The  peculiar  ad- 
vantages of  this  region  agriculturally  are  its  water  communica- 
tion with  the  whole  world,  its  immense  supply  of  wood  and 
peat  fuel,  and  its  forests,  which  will  gradually  grow  again. 
Through  its  Northeast  Experiment  Farm  at  Grand  Rapids,  the 
experiment  station  is  in  touch  with  the  development  of  the  farming 
interests  in  this  whole  region,  and  it  is  believed  will  be  able  to 
extend  valuable  assistance  in  disposing  of  the  unsolved  prob- 
lems that  confront  the  new  settlers  who  are  endeavoring  to  make 
homes  where  ten  years  ago  it  was  not  believed  that  farming 
could  be  successfully  carried  on,  and  in  helping  to  inaugurate  a 
system  of  practical  forest  management. 

From  the  fact  that  peculiar  conditions  exist  in  the  western 
tier  of  counties  in  Southwestern  Minnesota,  it  was  thought  ad- 


Digitized  by  VjOOQIC 


INTRODUCTION.  559 

visable  by  the  Regents  of  the  State  University  to  institute  a 
series  of  experiments  in  that  region,  which  is  more  subject  to 
drouths  than  the  central  and  eastern  portions  of  the  state.  It 
was  believed  that,  while  the  important  problem  of  how  to  meet 
drouths  could  best  be  studied  where  drouth  periods  are  most 
common  and  longest  continued,  the  results  of  the  experiments 
would  be  of  immense  value  to  the /rest  of  the  state  where  drouths 
are  less  frequent  and  of  shorter  duration.  Fortunately  the  home- 
stead of  Supt.  O.  C.  Gregg,  of  the  Minnesota  Fanners'  Institute 
corps,  lies  in  Lyon  county  on  the  elevated  ridge  know-n  as 
Coteau  Hills,  a  location  especially  favorable  for  conducting  the 
contemplated  experiments.  Mr.  Gregg,  who  was  naturally 
deeply  interested  in  the  proposed  investigations  on  account  of 
his  institute  work,  generously  offered  the  Board  of  Regents  the 
use  of  whatever  land  was  needed  for  the  experiments  and  the 
necessary  tools  and  machinery,  free  of  cost,  leaving  the  state  to 
provide  only  the  labor  necessdry  to  conduct  the  experiments  to 
a  conclusion.  From  the  beginning  Mr.  Gregg  has  given  the 
Regents  hearty  and  intelligent  co-operation.  Work  was  begun 
in  1894,  under  Mr.  T.  A.  Hoverstad,  who  remained  until  ap- 
pointed Superintendent  of  the  Northwest  Experiment  Farm 
at  Crookston.  During  this  period  land  was  prepared  for  wheat 
and  other  crops  with  a  view  of  finding  the  methods  best  adapted 
to  tillage  to  conserve  soil  moisture  so  as  to  secure  the  largest 
possible  crop  yields.  This  work  was  laid  out  ])y  Prof.  W.  M. 
Hays,  of  the  Experiment  Station,  and  was  continued  by 
him,  assisted  by  Mr.  \V.  G.  Smith  until  the  latter  was  offered 
a  responsible  place  with  the  Department  of  Agriculture  in  Wash- 
ington,— a  promotion  earned  l)y  the  excellent  work  done  by  him 
on  Coteau  Farm.  Mr.  W.  C.  Palmer  succeeded  Mr.  Smith  and 
is  now.  superintending  the  Coteau  Farm  work.  The  results  of  this 
work  as  given  in  this  bullet m  have  settled  many  important  ques- 
tions and  are  of  immense  interest  and  value.  They  cover  ac- 
curate measurement  of  the  soil  moisture  under  different  condi- 
tions and  methods  of  cultivation,  as  well  as  different  stages  of 
cultivation  and  growth,  confirming  or  overthrowing  theories  by 
accurate  information  along  the  lines  of  tillage,  field  manage- 
ment, and  actual  crop  production.  In  the  main  the  methods 
used  in  carrying  out  these  experiments  have  secured  increased 
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,  yields,  and  the  results  clearly  show  the  lines  along  which  the 
farmer  may  confidently  work.  Where  experiments  have  not 
produced  favorable  results  they  are  equally  valuable.  It  is  as 
important  to  show  what  methods  should  be  avoided  as  to  point 
out  those  which  lead  to  success. 

The  experiments  in  soil  moisture  entered  what  was  tiien 
practically  a  new  field.  Fortunately  uniform  plots  of  land  were 
obtainable  on  Coteau  Farm,  and  investigations  in  soil  tillage 
have  been  carried  on  in  plots  of  one-twentieth  of  an  acre 'or 
more,  and  in  all  cases  in  duplicate  or.  triplicate  series  to  insuic 
accuracy.  The  actual  yield  of  the  crops  as  well  as  the  condi- 
tions of  moisture  and  temperature  of  both  soil  and  air,  the 
soluble  plant  food  in  the  soil,  the  rainfalls  and  other  weather 
conditions,  have  been  carefully  recorded  for  three  years.  These 
experiments  were  made  with  the  utmost  care,  and  covered  not 
only  the  effect  of  methods  of  tijlage  on  the  moisture  supply  for 
the  growing  crops,  but  the  influence  of  certain  crops  and  tillage 
on  the  reserve  supply  of  moisture  for  succeeding  crops,  the  re- 
lation of  bacteria  and  other  forms  of  animal  and  plant  life  to 
soil  moisture  and  systems  of  tillage,  the  effect  of  manuring  and 
cropping  on  the  supply  of  soil  moisture,  and  the  eflfect  of  rota- 
tion and  special  crops  on  future  productiveness.  By  the  prac- 
tical application  of  the  information  gained  by  these  experiments, 
progress  has  been  made  in  growing  tame  grasses  and  forage, 
the  relative  value  of  fodder  corn  as  a  midsummer  food  as  com- 
pared with  other  crops  has  been  demonstrated,  clovers  have 
been  made  to  grow  abundantly, — not  only  on  old  land,  but  on 
newly  broken  prairie, — and  timothy  has  been  successfully  grown 
for  both  hay  and  pasture.  What  has  been  done  on  Coteau  Farm 
can  be  economically  and  profitably  done  on  other  farms  in  that 
region  by  the  same  methods.  The  new  brotne  grass  (Bromus 
inermis)  has  proved  a  marked  success,  and  is  confidently  recom- 
mended for  meadows  and  pastures  in  that  region, — probably  the 
most  unfavorable  for  tame  grasses  in  Minnesota. 

Next  in  importance  to  what  has  been  accomplished  in  field 
crops  is  clear  proof  that  forest  and  fruit  trees  which  are  not 
hardy  when  unprotected  on  the  open  prairie  thrive  wonderfully 
when  sheltered  by  belts  of  entirely  hardy  trees,  which  are  easily 
and  quickly  grown.     Such  a  timber  belt  protection  can  be  g^wn 
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on  any  prairie  farm,  eyen  in  the  southwestern  Coteaus,  in  five 
years,  and  in  another  five  years  there  may  be  grown  inside  of 
the  beh  all  the  fruits  that  are  hardy  in  other  portions  of  Min- 
nesota. The  essential  features  of  the  method  are  (i)  a  shelter 
belt  of  cottonwoods  and  willows  around  the  plantation,  (2)  a 
dense  planting  of  a  mixture  of  quick  growing  trees  like  poplars 
and  willows  with  slower  growing  varieties,  like  ash  and  elm, 
»(3)  making  the  grove  of  ample  width  to  give  real  shelter,  and 
(4)  cultivating  so  thoroughly  for  several  years  that  the  sur- 
face soil  will  always  be  a  mellow  dust  blanket  and  the  weeds 
will  not  take  up  the  moisture  the  trees  need  when  young.  It  is 
unfortunate  that  every  farmer  who  lives  on  the  prairies  of 
Southwestern  Minnesota  cannot  see  this  handsome  grove  on 
Coteau  Farm,  and  from  it  gather  courage  to  plant  and  grow  such 
a  shelter  belt  about  his  own  home  place. 

These  are  some  of  the  important  results  already  reached 
through  experiments  described  in  detail  in  this  bulletin.  Other 
interesting  experiments  are  in  progress  along  similar  lines,  from 
which  equally  im{X)rtant  and  practical  results  are  expected. 

The  report  which  follows  covers  only  the  results  of  the  ex- 
perimental work  of  1894  to  1898  inclusive. 

WILLIAM  M.  LIGGETT, 

Director, 
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EXPERUENTS  AT  COTEAU  FARl. 


W.   M.   HAYS  AND  WM.   G.   SMITH. 


,  In  1894  the  State  Experiment  Station  inaugurated  several 
lines  of  experiments  on  G>teau  Farm,  Supt.  Gregg's  homestead. 
Coteau  Farm  lies  four  miles  west  from  the  village  of  Lynd, 
Lyon  county,  on  the  Great  Northern  Railway.  The  name  comes 
from  the  Coteau  hills,  a  broad,  undulating  morainic  ridge  run- 
ning to  the  northwestward  and  rising  300  to  400  feet  above  the 
surrounding  but  more  level  prairie  country  of  Southwestern 
Minnesota. 

The  soils  of  this  part  of  Minnesota  range  from  clay  loam 
to  loam  and  sandy  loam.  They  are  rich  in  plant  food,  absorb  the 
>water  of  rainfall  readily,  and  endure  seasons  of  drouth  remark- 
ably well.  They  make  very  good  use  of  stable  manures  or 
green  manures  and  furnish  a  congenial  home  for  soil  bacteria. 
The  one  particular  in  which  this  portion  of  the  state  differs  from 
other  portions  is  in  the  frequency  and  the  greater  severity  of 
drouth  periods,  and  this  experiment  work  was  undertaken  largely 
to  study  how  to  overcome  the  effects  of  drouth  and  to  secure 
greater  crop  yields   where  rainfall  is  irregular. 

IMPORTANT  QUESTIONS  TO  BE  SOLVED. 

Among  the  important  questions  deemed  worthy  of  study, 
the  following  were  especially  considered : 

(1)  How  to  handle  the  furrow  slice  so  as  to  store  up 
and  conserve  the  largest  proportion  of  the  frequently  scant 
rainfall  for  the  use  of  growing  crops.  . 

(2)  To  learn  the  amount  of  moisture  each  crop  leaves 
in  the  soil  for  the  succeeding  crop,  as  a  guide  for  arranging 
the  order  of  the  succession  of  crops  in  rotations. 

(3)  To  learn  the  value  of  clovers,  grasses  and  other 
forage  crops  for  stock  food,  and  for  preparing  the  soil  for  suc- 
ceeding crops. 


Digitized  by  VjOOQIC 


664  IMPORTANT  QUESTIONS  TO  BE  SOLVED. 

(4)  To  discover  the  best  means  of  increasing  the  sup- 
ply of  plant  food  and  humus  in  the  soil,  whether  by  crops  fed 
to  domestic  animals  in  barns  or  on  pastures,  by  green  manure 
crops,  by  leguminous  crops,  or  by  other  means. 

(5)  To  aid  in  the  general  experiments  on  how  best  to 
plan  the  farm  and  rotate  and  manage  the  crops. 

(6  )  To  learn  the  best  methods  of  growing  forest  belts 
and  their  effect  on  field,  garden  and  fruit  crops  growing  under 
their  protection. 

In  many  ways  Coteau  Farm  is  especially  adapted  to  the  ex- 
periments undertaken  in  this,  our  drouthiest  region.  It  is  far 
to  the  southwest,  and  is  elevated;  the  soil  is  only  medium  rich 
in  plant  food  and  humus,  nearly  resembling  the  typical  soils  in 
other  prairie  portions  of  the  state  as  they  will  be  when  longer 
worn ;  it  takes  in  moisture  rather  freely  and  gives  it  out  slowly 
during  a  drouth.  The  soil  of  Coteau  Farm  is  made  up  of 
the  following  mechanically  separable^  constituents  in  the  re- 
spective proportions  shown  in  table  CXXXIV. : 

TABLB  OXXXrV.— Meohanioal  Analysis  of  Average  XJpland  Soil— 
Ootoan  Farm. 

2-1  mm  diameter  of  soil  practices(coarse  sand)     4.0  % 

1-.5    "  *•  **  **    (sand)  .8  " 

.5-.25"  *•  ••  •*    (fine sand)  3.0  ** 

.25-.1    '*  '*  **  *•    (veryfines'nd)13.9  " 

1-.05  **  '*  **  **    (    '*         **        )  7.7  ** 

.05.005  **  •*  **    (silt)  34.9  " 

.005-.0001  *•  **  **    (clay)  22.5  ** 

Organic  matter,  water,  loss  by  ignition,  13.2  ** 


100.0    •* 

This  soil  is  only  fairly  dense  or  clo«e  grained,  but  is  quite 
hard,  is  easily  cultivated,  and  does  not  seriously  bake  if  plowed 
when  wet. 

While  Coteau  Farm  is  somewhat  isolated,  the  experiment 
work  in  progress  there  attracts  numerous  visitors.  The  fine 
young  forest  plantation  protecting  Supt.  Gregg's  buildings,  stock, 
orchards  and  gardens  has  already  served  to  demonstrate  the 
value  of  a  grove  as  a  protection  to  garden  and  fruit  plantations, 
as  well  as  a  shelter  to  the  home,  the  barns  and  live  stock. 
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FIELD  MANAGEMENT. 

As  a  part  of  experiments  in  field  management  centered  at 
University  Farm,  the  Experiment  Station  began  studies  at 
Coteau  Farm  in  1894,  the  special  object  being  to  learn  how  to 
increase  the  average  yields  of  crops  on  the  rich  soils  in  South- 
western Minnesota  which  are  sometimes  subject  to  prolonged 
drouths.  These  experiments  have  been  valuable  in  direct 
resuhs,  in  paving  the  way  to  experiments  in  the  rotation  of 
crops  and  in  methods  of  field  cultivation  at  the  several  experi- 
ment farms. 

The  work  first  undertaken  at  Coteau  Farm  deals,  largely 
with  conserving  moisture  in  the  soil. 

In  order  that  the  discussions  and  diagrams  of  experiment 
work  may  be  more  clearly  understood,  a  brief  discussion  of  the 
movements  and  uses  of  water  in  the  soil  are  here  given. 

SOIL    WATER    AND   THE    PLANT: 

The  plant  gets  its  food  supply  through  the  water  in  the 
plant,  which  it  drinks  in  or  absorbs  from  the  soil  through  the 
membranous  surfaces  of  the  roots  with  their  root  hairs,  which 
latter  greatly  increase  the  surface  connection  of  the  plant  with 
the  water  of  the  soil.  Large  quantities  of  water  thus  taken  in  by 
the  plants  are  "breathed  out''  into  the  air  through  its  leaves.  The 
quantity  of  water  thus  taken  in  and  given  out  by  the  plant  is 
enormous, — field  crops  consuming  two  hundred  to  five  hundred 
pounds  of  water  for  each  pound  of  dry  matter  they  add  to  their 
own  weight  in  growing. 

The  roots  of  our  field  crops  are  much  longer,  much  more 
numerous,  spread  farther  and  penetrate  into  the  soil  to  greater 
depths  than  most  people  realize.  On  the  fairly  open,  easily  pene- 
trable soils  of  this  region,  where  the  upper  portion  of  the  earth  is 
often  too  dry  for  the  plant  to  feed,  crops  send  their  deepest 
roots  downward  four  to  six  feet  and  in  some  cases  much  deeper. 
The  greater  number  of  roots,  however,  are  in  the  upper  eighteen 
inches  of  earth.  The  richest  portion  of  the  soil,  and  the  part 
in  which  the  plant  likes  best  to  feed  if  sufficient  water  is  present, 
is   the  lower    half  or    two-thirds    of    the    furrow  slice.     With 
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greater  depth  the  plant  obtains  food  with  more  difficulty.  While 
the  deepest  roots  doutbless  secure  some  food,  their  chief  function 
is  to  bring  water  from  deep  in  the  earth  when  the  supply  near 
the  surface  is  short.  These  long,  deeply  penetrating  roots  have 
few  branches  near  the  tip,  while  the  branches  are  very  numerous 
near  the  surface,  where  the  roots  spread 'out  so  as  to  reach  the 
more  concentrated  plant  food  from  every  nook  and  corner  of 
the  furrow  slice  and  the  uppermost  layer  of  subsoil. 


Fig.— 260.  Ate  arc  shown  the  stem  roots  of  acorn  plant  nearlj  ready  to 
tassel  out.  These  roots  all  have  their  origin  in  the  base  of  the  stem,  and  each  one 
has  many  branches  as  shown  at  x.  The  dotted  lines  mark  off  vquare  feet.  Tbc 
largest  roots  penetrated  nearly  four  feet  downward  while  the  spread  horixontallT 
including  the  branches,  not  shown  in  6»  was  over  six  feet.  This  drawing  was 
made  from  a  plant  nearly  every  stem  root  of  which  was  dug  out  bv  means  of  a 
small  wooden  trowel,  the  length,  depth  and  direction  of  the  root  belns  accvratdj 
recorded  on  the  drawing. 

In  Fig.  250  is  shown  the  root  system  of  a  com  plant  ready  to 
tassel.     The  branch  roots  are  not  represented.     They  are  so 
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numerous  that  it  is  impossible  to  show  all  of  them  in  the  diagram. 
The  roots  shown  are  the  mere  framework  of  roots,  their  branches 
and  sub-branches  being  very  much  more  numerous,  as  shown  at 
X,  where  the  branches  of  one  of  the  roots  arising  from  the  stem 
are  shown.  Only  the  outer,  recently  developed  ends  arc  active 
in  absorbing  water  and  receiving  soluble  plant  food,  the  older 
surfaces  being  covered  with  a  tough  layer  of  bark-like  cells. 


Big.  261 — Shows  the  onter  end  of  a  g:rowing  root,  not  of  corn  but  of  another 
plant  iPiaetam),  prepared  by  Dr.  Otto  L,aggeT  for  a  previous  bulletin.  The  fresh 
surface  cells  at  the  outer  end  of  the  point  have  not  yet  sent  out  root  hairs.  Those 
liairs  nearest  the  tip  are  yet  short,  while  those  further  back  are  more  fully  devel- 
oped, and  still  further  up  on  the  root  the  hairs  are  found  to  have  passed  theirstafzre 
of  activity  and  are  shriveled.  The  active  feeding  zone  of  tne  stem  roots  and  of  all 
branch  roots  are  the  outer  ends,  where  the  surface  cells  and  their  projections,  the 
roothairs,  are  thin  walled  and  actively  at  work  absorbing  water  and  plant  food 
from  the  soil.  Here  is  shown  the  wonderfully  intimate  contact  the  plant  has  with 
-the  minute  particles  of  the  soil. 

In  like  manner  Fig.  252  shows  the  general  spread  of  the  roots 
of  a  wheat  plant. 

The  roots  of  other  cereal  grains  are  quite  similar  to  those 
of  wheat,  and  the  roots  of  our  tame  grasses  penetrate  to  similar 
depths.  The  clovers  go  a  little  deeper,  while  some  perennial 
field  crops,  like  alfalfa,  extend  much  deeper.  But  in  all  cases 
the  plants  get  most  of  their  food  in  the  upper  layers  of  soil. 
Since  the  furrow  slice  and  the  part  of  the  subsoil  just  below  it 
are  the  portions  of  the  soil  which  supply  the  most  congenial 
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and  the  richest  pasturage  to  the  roots  of  crops,  the  aim  of  the 
farmer  should  be  to  keep  them  supj)lied  with  the  proper  amount 
of  moisture  and  to  provide  that  mechanical  condition  which  best 
prooKrtes  the  growth  and  yield  of  the  crops. 


Pis.  203.  Crown  and  stem  roots  of  a  mature  wheat  plant,  from  one  seed. 
There  are  about  100  stem  roots,  each  of  which  had  for  some  distance  on  an  ayer- 
age  about  eight  branch  roots  to  the  inch,  making  a  wonderful  mat  of  roots  in  the 
soil.  This  plant  stood  alone  and  developed  over  a  dozen  culms.  Numerous  roots 
penetrated  to  the  depth  of  four  feet  and  the  spread  of  the  roots  had  a  diameter  of 
more  than  three  feet. 


Digitized  by  VjOOQIC 


FACTS  ABOUT  SOIL  MOISTURE. 


569 


FACTS  ABOUT  SOIL  MOISTURE. 

Since  soil  moisture  conditions  have  seemed  hard  to  con- 
trol in  Minnesota,  the  work  to  date  has  been  directed  more 
especially  toward  learning  how  to  conduct  moisture  into  the 
lower  soil  and  conserve  it  there  for  the  roots  of  the  crops.  That 
the  relation  of  water  and  air  to  soil,  to  plant  food,  and  to  the 
roots  of  plants  may  be  better  understood,  the  following  explana- 
tion is  here  presented.  As  an  example,  place  a  pot 
containing,  say,  one  hundred  pounds  of  water-free  soil  ma- 
terial in  a  hot  oven  until  all  the  moisture  has  been  dried 
out   of   it.    See   Fig.   253.     The   heat   which    was   kept   at   the 


i^ 


Pig.  353— Pot  of  100  ponnds  of  soil  from  which  all  water  has  been  forced   out 
bj  baking. 

boiling  point  for  water  changed  all  the  soil  moisture  into  vapor 
and  drove  it  off  into  the  air.  Now  place  this  pot  of  soil  in  a 
room  between  open  windows  where  the  air  can  freely  pass  over 
it,  but  where  no  rainfall  can  strike  it.  Upon  weighing  the  pot 
of  soil  some  days  later,  we  find  that  it  weighs  a  few  pounds 
more  than  when  it  was  removed  from  the  oven.     See  Fig.  254. 


Pig.  254.— Pot  of  baked  soil  after  standing   several  days  in   the  air.   when  it 
weighs  sercra]  pounds  more  from  the  absorption  of  hygroscopic  moisture. 
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This  increase  is  due  to  water  the  soil  has  absorbed  from  the  air, 
just  as  quick  Hme  or  salt  will  absorb  some  of  the  water  which 
exists  as  vapor  in  air.  If  we  now  close  the  room  up  tight  and 
place  several  large  kettles  of  water  on  a  stove  and  cause  them 
to  boil  vigorously  the  water  will  "boil  away''  and  become  in- 
visible vapor  in  the  air  of  the  room.  The  soil  in  the  pot  will 
again  increase  in  weight,  as  it  absorbs  more  water  from 
this  very  moist  air  than  from  the  relatively  dry  air  which  had 
come  through  the  windows.  We  will  assume  that  the  one  hun- 
dred pounds  of  dry  soil  has  absorbed  three  pounds  of  water 
when  exposed  for  some  days  to  the  outside  air,  and  that  it  was 
kept  in  the  air  made  very  moist  and  warm  by  the  boiling  water 
until  it  had  absorbed  two  pounds  more.  For  convenience 
we  will  call  this  the  hygroscopic  moisture  of  the  soil.  It 
gets  this  name  from  its  having  come  from  a  vaporous  con- 
dition in  the  air,  w^here  its  amount  could  only  be  measured  by 
means  of  an  instrument  called  a  hvi^roscope.  This  hygroscopic 
moisture  enters  into  the  very  fiber  of  the  soil "  particles,  rather 
than  attaching  itself  merely  to  their  surfaces,  as  does  the  cap- 
illary moisture  mentioned  hereafter. 

Now  produce  a  miniature  storm  in  the  room  by  means  of 
a  fountain  throwing  a  very  fine  spray  on  the  surface  of  the 
soil  in  the  pot.  As  the  liny  raindrops  strike  they  are  eagerly 
seized  by  the  small  particles  of  soil.  While  the  soil  could  not 
gather  and  condense  more  of  the  vapor  of  water  from  the  air 
and  associate  it  with  its  own  particles,  it  at  once  shows  a  strong 
attraction  for  water  in  the  liquid  form.  The  water  and  tlie  sur- 
faces of  the  soil  particles  seem  to  desire  the  closest  touch  with 
each  other,  and  as  the  water  is  a  mobile  fluid  it  spreads  out  in 
thin  layers  over  the  surfaces  of  the  minute  soil  particles,  enters 
into  the  pores  within  the  particles,-  and  fills  the  capillary  spaces 
among  them.  If  one  particle  has  a  thicker  layer  of  water  on 
its  surface  than  its  neighbors,  the  water  is  soon  equalized  over 
all.  If  in  traveling  from  particle  to  particle  the  film  of  water 
finds  a  capillary  pore  or  interstice,  it  fills  it. 

As  the  rain  proceeds  the  particles  at  the  top  of  the  soil  be- 
come surcharged  with  water.  See  Fig.  255.  The  water  attract- 
ing power  of  the  surfaces  of  the  soil  particles  is  satisfied,  and 
they  readily  allow  the  layer  of  particles  next  beneath  to  draw 
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away  the  surplus.  In  this  way  a  very  gentle,  rain  is  taken  hold 
of  by  the  soil  particles  and  slo^\dy  moved  downward  by  what  is 
termed  the  capillary  force.  The  soil  thus  takes  the  moisture 
downward  in  much  the  same  manner  as  a  sponge  placed  with  its 
lower  portion  in  a  small  amount  of  water  in  a  saucer  will  soon 
absorb  the  water  into  its  own  body.     When  the  soil  is  filled  or 


Fig.  255. — Pot  of  air  dry  soil  after  a»vcry  fine  rain  has  been  falling  on  it  for 
sometime.  The  capillary  power  of  the  soil  has  been  satisfied  nearly  halt  way 
down  throngh  the  mass. 

saturated  to  its  full  capacity  with  capillary  water,  with  its 
added  water  it  weighs,  say,  145  pounds.  In  Fig.  256  the 
soil  is  shown  saturated  in  the  upper  half,  and  in  the  lower  half 
ground  water  is  standing,  completely  filling  the  interstices. 
Plants  could  not  thrive  .  in  a  soil  as  dry  as  that  rep- 
resented in  Figs.  253  and  254,  where  only  hygroscopic 
water  was  present,  but  crops  which  thrive  in  our  arable 
lands  have,  through  the  centuries  of  their  development,  become 
accustomed  to  soils  with  their  capillary  forces  only  partly  satis- 
fied. Soil  with  its  capillary  forces  fully  satisfied  would  be  so 
wet  that  corn  and  most  other  crops  would  not  thrive  so  well  as 
if  it  contained  only  twenty  to  thirty  pqunds  of  water  to  the  hun- 
dred pounds  of  dry  soil  substance.  The  solution  of  plant  food 
would  be  too.  dilute ;' "the  plant  soup  would  be  too  thin." 

If  the  rainfall  is  continued,  the  soil  having  no  more  unsat- 
isfied power  the  water  will  pass  to  the  bottom  of  the  pat,  obey- 
ing the  law  of  gravitation,  and  gradually  rise  among  the  par- 
ticles of  soil  in  the  bottom  of  the  pot  until  the  ground  or  seepage 
water  has  filled  all  the  openings  in  the  soil,  forcing  the  air  out 
from  among  the  soil  particles.  This  water  in  entering  the  soil 
follows  a  vertical  direction  until  it  reaches  the  surface  of  the 


Digitized  by  VjOOQIC 


672 


FACTS  ABOUT  SOIL  MOISTURE. 


ground  water,  which  is  seeping  sidewise  and  running  out  of  the 
spout,  illustrating  the  action  of  a  tile  drain ;  the  water  percolating 
downward  to  the  surface  of  the  ground  water,  then  seeping  side- 
wise  and  running  into  drains  through  openings  between  the 
ends  of  the  tiles  which  do  not  fit  very  closely  together.  In  most 
of  our  prairie  soils  this,  seepage  water  sinks  far  downward  till 
an  impervious  layer  is  reached  where  it  forms  the  ground  water 
shown  by  the  level  of  water  in  wells.  With  the  continuance  of 
the  rainfall  if  the  spouts,  A  and  B,  be  closed,  the  ground  water 
will  rise^  completely  filling  the  interspaces  within  the  soil,  as 
in  Figs.  256  and  257.     More  rain  will  cause  the  water  to  stand 


'11!  !i  In  [  I  !  <  k  !  !  ill!.'! 


PifC'  250.— Pot  of  aoil  after  rain  has  faHen  on  it  until  the  capillary  fwwen  ot 
all  surfaces  and  interstices  are  satifcficd,  and  the  rainfall  continnins  crround  water 
has  filled  the  interstices  between  the  particles  of  soil,  displacinfr  all  the- soil  air  ts 
the  lower  half  of  the  mass. 


Pig.  257.— Pot  of  soil  after  rain  has  fallen  on  it  until  the  soil  is  fnU  of  wster. 
the  rain  continuing  surface  water  han  accnmnlated,  fillinsT  the  open  space  In  the 
top  of  the  pot  and  running:  off  over  the  rim. 


above  the  soil  as  surface  water.  If  the  spouts,  A  and  B,  be 
now  opened,  the  surface  water  and  the  ground  water  will 
gradually  drain  out  to  the  level  of  the  drain.  Figs.  258  and 
259.     The   soil   will   still  be  very  moist,  but   the   drying  action 
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"Pig.  258.-~Pot  of  saturated  soil  after  the  drain  at  A  has  been  opened  and  the 
£^roand  water  has  been  allowed  to  ran  out  from  all  bat  the  lower  onc-tourth  of  the 
soil. 


fijiijiiiiiiiiijlillililrit: 


Pig.  259.— Pot  of  soil  after  drain,  B,  also  has  been  opened  and  the  remainder 
of  the  ground  water  drained  out. 


of  the  air  will  soon  remove  some  of  this  excess  by  evaporating 
moisture  from  the  surface  particles.  These  in  turn  will  be  given 
some  of  the  capillary  moisture  from  the  particles  next  below. 
Thus  there  will  be  a  rise,  an  upward  flow  of  moisture  similar 
to  the  upward  movement  of  oil  in  a  lamp  wick.  If  the  ground 
water  is  sufficiently  near  the  surface  it  will  be  a  source  of  moisture, 
keeping  the  soil  and  subsoil  partially  saturated  with  capillary 
water  and  thus  providing  the  crops  with  a  constant  supply  of 
water.  Thus  in  Fig.  258  the  water  in  the  bottom  of  the  pot, 
not  drained  out  because  the  drain  at  B  remains  closed,  will  be 
a  permanent  source  of  moisture  to  renew  that  taken  up  by 
evaporation  from  the  surface  of  the  soil  into  the  air  above,  or 
that  absorbed  by  plant  roots  growing  throughout  the  upper  por- 
tion of  the  soil.  If  this  evaporation  proceeds  for  a  long  time 
the  soil  becomes  very  dry.  The  air  not  only  takes  the  moisture 
from  the  surface  of  the  soil,  but  also  the  soil  air  in  the  interstices 
of  the  soil  absorbs  the  films  of  capillary  moisture  from  the  sur- 
face of  the  soil   particles.     This   water}'  vapor  in  the  soil  air 
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diffuses  outward  into  the  atmosphere  above,  aided  somewhat 
by  the  shght  circulation  of  atmosphere  into  and  out  of  the 
soil. 


Pig.  260. — Pot  of  soil  from  which  the  capillary  moisture  has  been  dried  out  bj 
ezposing^  it  for  some  weeks  to  the  air,  foHowed  by  several  days  of  baking  *»  &■ 
oven  sufficiently  hot  to  tnrn  all  moisture  to  steam  and  thus  drivinfir  it  out  leare 
the  soil  dry  of  water,  "water  free,'*  "dry  subatancs,"  as  when  Pot  I,  Fig*  253.  oi' 
baked  soil  was  first  placed  in  the  air. 

The  soil  filled  with  capillary  water,  as  in  Fig.  259,  is  grad- 
ually dried  out  again  by  the  air  so  that  only  hygroscopic  moisture 
remains.  And  if  the  pot  is  again  placed  in  an  oven  which  is 
kept  at  the  boiling  point  of  water  the  soil  will  be  again  reduced 
to  the  water-free  state.     Fig.  260. 

Fig.  261  illustrates  the  fact  that  the  capillary  force  carries 
water  in  any  direction  in  the  soil.  A  funnel  tube  carries  the 
water  to  the  center  of  the  mass  of  earth  very  slowly.  The 
particles  immediately  surrounding  the  point  of  the  tube  are  sat- 


Fig.  261.— Pot  of  air  dry  soil,  containing  only  byeroscopic  water.  Tbronjth 
the  funnel  tube  water  is  slowly  run  into  the  center  of  the  mass  of  soiL  This  wsier 
is  carried  away  from  the  point  of  the  tube  in  all  directions  by  the  force  of  csp- 
illarltv.  Gravity  caunes  a  slight  tendency  for  more  to  go  downward  than  in  other 
directions.  But  capillarity  being  much  the  more  powerful  acting  force  under  these 
conditions  causes  the  water  to  go  upward  and  sldewise  as  well  as  downward. 

urated  with  the  water.  This  water  clings  to  the  surface  of  the 
particles  and  spreads  out  in  thin  films.  The  attraction  of  the 
water  for  the  neighboring  particles  causes  these  films  to  stream 
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outward  towards  the  drier  particles  where  the  capillary  forces 
are  less  satisfied.  Thus  the  moisture  moves  upward  and  side- 
wise  nearly  as  rapidly  as  downward,  in  which  direction  gravita- 
tion helps  to  move  the  water  while  retarding  the  flow  over  sur- 
faces in  other  directions. 

Our  soils,  instead  of  having  this  underground  supply  of 
water  stored  up  to  be  given  out  gradually  as  used  by  the  roots 
of  crops  or  evaporated  from  the  surface  of  the  soil,  are  as  a 
rule  not  very  moist  at  a  depth  of  several  or  many  feet.  The 
rain  which  falls  upon  the  soil  in  part  runs  off  over  the  sur- 
face, especially  if  it  be  hard  or  slanting,  or  both.  That  which  is 
drawn  in  by  the  capillary  force  or  sinks  in  by  gravitation  is 
taken  up  and  held  as  capillary  water.  A  lighf  rain  is  carried 
downward  to  a  slight  depth  only,  while  a  heavier  rain  will  go 
deeper.  Several  inches  of  rain  falling  at  once  or  at  close 
intervals  is  necessary  to  penetrate  to  the  depth  of  several  feet, 
partially  satisfying  the  capillary  force  of  the  soil. 

In  case  sufficient  rain  falls  to  penetrate  to  only  a  few 
inches  the  moist  surface  soil  soon  begins  to  give  up  its 
moisture  in  two. directions.  The  moister  particles  give  up  their 
water  to  the  drier  soil  beneath  as  was  described  above,  and  as 
soon  as  the  sun  warms  and  dries  the  air  at  the  surface,  moisture 
is  evaporated  and  there  is  a  movement  of  water  tow^ard  the  sur- 
face in  the  moist  zone  or  layer  of  soil.  These  movements  con- 
tinue for  a  time,  but  soon  the  zone  of  moist  soil  will  have  given 
up  sufficient  water  so  that  it  is  no  more  moist  than  the  subsoil 
below,  and  the  downward  movement  will  cease.  But  sincexthe 
sun  and  wind  are  in  almost  daily  action  in  summer  in  evapor- 
ating water  from  the  surface  of  the  soil,  there  is  a  nto^.ement 
of  capillary  moisture  upward  nearly  all  the  time.  PartSbf  this 
moving  mass  of  water  is  intercei)tc(l  in  its  upward  flow  by  plants 
which  take  it  into  their  roots,  pass  it  to  the  leaves  and  soon  give 
it  back  to  the  atmosphere. 
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A  Study  was  begun  to  determine  the  amount  of  water  whicli 
is  best  for  plants.*  This  varies  in  different  soils.  An  upland  soil 
was  chosen,  also  a  lowland  soil  partially  made  up  of  peat.  Five 
pails  were  filled  with  each.  Table  CXXXIV.  on  page  563  gives 
the  mechanical  analysis  of  the  upland  soil.  Instead  of  13.02  per 
cent,  of  organic  matter  in  the  upland  soil,  the  lowland  soil  con- 
tained 28.6  per  cent. 


Pig.  262. — Two  pails  of  apland  soil  bearing  the  best  flax  plants  and  two  pails 
of  lowland  toil  bearing  the  best  flax  plants. 
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During  the  growth  of  the  plants,  the  moisture  in  the  differ- 
ent pails  was  maintained  at  different  points.  In  upls^nd  soil 
the  following  percentages  were  maintained  in  the  respective 
pails:  1st,  lo;  2d,  20;  3d,  30;*  4th,  40;  5th,  50.  In  the 
lowland  soil  the  percentages  of  water  to  dry  matter  of  soil  ran 
as  follows:  ist,  20;  2d,  40;  3d,  60;  4th,  80;  5th,  100.  These 
percentages  were  maintained  during  the  growth  of  the  plant  by 
frequently  adding  water  through  small  glass  tubes  inserted  in 
the  soil. 

Flax  plants  were  grown  in  each  pail,  and  photographs  of 
the  two  pails  with  upland  soil  and  the  two  with  lowland  soil 
having  the  strongest  plants  are  shown  in  Fig  262.  In  case  of  the 
upland  soil  30  per  cent,  gave  more  healthful  conditions  for  the 
flax  than  any  of  the  other  percentages.  In  case  of  the  low- 
land soil  the  soil  having  100  per  cent,  of  water  gave  the  strong- 
est flax.  This  is  further  illustrated  in  Fig.  263.  In  each  case 
more  water  or  less  water  caused  stunting,  or  in  extreme  cases 
death  to  the  flax  plant. 

The  experiment  shows  that  a  wider  range  of  moisture  per- 
centages for  plant  growth  is  possible  in  a  soil  highly  charged 
with  organic  matter,  in  the  case  of  the  upland  soil  the  best  plant 
growth  apparently  taking  place  at  from  25  to  35  per  cent,  of 
soil  moisture,  while  in  the  lowland  soil  the  range  was  from  70 
to  100  per  cent. 

Organic  matter  increases  the  water  holding  capacity  of  the 
soil  and  widens  the  range  between  drouth  and  excessive  water 
supply,  either  of  which  is  injurious  to  plant  life.  The  fact  that 
organic  matter  increases  the  water  holding  capacity  of  the  soil 
is  clearly  shown  by  all  the  soil  moisture  charts  in  the  tillage 
experiments  reported  on  subsequent  pages  wherein  manure  of 
every  description  has  figured. 

There  is  also  another  suggestion  no  less  important  than  the 
preceding,  and  that  is  that  the  water  held  by  the  organic  mat- 
ter from  the  o^asp  of  the  grpwing  crop  may  be  useful  to  the 
bacterial  life  that  forwards  the  decomposition  of  organic  sub- 
stances in  the  soil,  and  as  the  decomposition  continues  there  may 
be  a  gradual  liberation  of  moisture  as  the  organic  substances  are 
more  and  more  rechiccd ;  and  this  water  maV  thus  be  useful  to 
the  growing  crops.. 
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Pig.  263.— Selected   plants  from'pailt  with  percentasct  of  water  best  saited  to 
the  Rrowth  of  flax  on  upland  and  on  lowland  soils. 

Bulk  for  bulk,  Jhe  upland  soil  weighed  about  twice  as  much 
as  the  lowland  soil.  This  brings  the  percentages  given  above, 
when  expressed  on  the  basis  of  the  upland*  soil,  down  to  40 
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and  50  per  cent.  The  thrifty  growth  of  the  plant  which  grew 
in  the  100  per  cent,  of  the  lowland  soil  indicates  that  much  more 
water  could  have  been  added  without  injury  to  the  plant;  also 
that  the  plant  could  have  lived  fairly  well  with  less  than  80 
per  cent,  water.  The  results  of  this  experiment  are  in  perfect 
accord  with  the  field  tests  figured  in  the  soil  moisture  charts 
previously  mentioned.  Along  these  lines  of  soil  moisture  and 
soil  fertility  and  the  relations  of  the  two  mucli  work  should 
be  done  in  the  field  and  lalx)ratory  thar  we  may  have  a  scientific 
basis  on  which  to  build  a  system  of  crop  rotations. 

With  the  manner  of  handling  the  soil  worked  out  with  al- 
most mathematical  definiteness,  application  may  be  general  and 
our  field  management  reduced  to  a  business  basis.  Giving  the 
results  in  a  sentence  we  have  the  following: 

Organic  matter  associated  closely  with  the  soil  increases  its 
water  holding  capacity,  and  with  more  organic  matter  the  range 
of  the  percentage  of  moisture  congenial  to  the  plant  is  widened ; 
in  other  words,  plant  life  will  endure  without  injury  more  drouth 
and  more  excessive  rainfall  when  a  supply  of  organic  matter 
is  closely  associated  with  the  soil. 
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The  tillage  experiments  begun  at  Coteau  Farm  in  1894 
were  reported  in  Bulletin  No.  46  and  in  the  Annual  Report  for 
1895,  pp.  384-389.  These  soil  culture  experiments  dealing 
mainly  with  methods  of  treating  the  furrow  slice  have  now  been 
continued  three  years  longer.  The  main  features  of  the  experi- 
ments and  the  objects  sought  have  been  much  the  same,  but 
the  methods  of  doing  the  work  have  been  improved.  Each  year 
about  40  plots  have  been  used  in  these  experiments. 


Fig.  26 S. — General  view  of  Tillage  Plots,  Coteau  Farm,  189S. 

Plan  of  the  Plots.~ln  Fig.  268  is  shown  a  general  view  of 
the  plots  in  one  of  the  duplicate  series  of  1898,  the  same  gen- 
eral arrangement  having  been  retained  throughout  several  years. 
The  series  are  eight  rods  wide,  and  the  plots  running  cross- 
wise are  20x132   feet   in  area.     In  each   series  there  are  plots 
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on  which  aie  grown  crops  of  wheat,  corn,  annual  pasture,  and 
green  manure,  and  other  smaller  plots  used  for  studying  soil 
moisture,  which  lie  in  fallow,  one  left  bare  and  compact,  another 
cultivated  frequently,  and  still  another  on  which  a  heavy  mulch 
of  straw  is  kept.  The  soil  chosen  was  fairly  uniform,  and  the 
duplicate  results  make  averages  which  are  very  satisfactory. 

The  purpose  of  the  investigation  was  to  learn  how  best 
to  secure  large  yields  of  wheat  and  other  crops,  and  (i)  how 
to  so  manage  the  furrow-slice  as  to  get  the  greatest  possible 
quantity  of  moisture  into  the  soil  (2)  and  to  conserve  it  there 
for  the  use  of  the  crop.  Various  methods  of  plowing,  harrow- 
ing, subsurface  packing  and  bare  fallowing  were  compared,  and 
the  relations  of  annual  pastures  and  green  and  stable  manures 
to  the  soil  moisture,  as  well  as  to  the  yields  of  crops,  were 
studied.  In  most  cases  land  was  used  which  had  borne  wheat 
the  previous  year.  By  planting  wheat  for  two  or  more  years 
following  the  various  treatments,  the  effect  on  future  crops  is 
being  determined,  and  will  be  reported  in  future  bulletins. 

The  results  are  expressed  in  two  classes:  (i)  Crop  yields 
and  (2)  soil  moisture  contents  of  the  respective  plots.  The 
averages  of  the  yields  of  grain  and  straw  are  all  collected  in 
Table  CXXXVIII.,  and  are  again  shown  on  many  of  the  soil 
moisture  charts,  I.-XXVIII.  The  moisture  percentages  are  ex- 
pressed more  clearly  by  means  of  curs'^es  in  the  charts.  The  chart 
method  shows  at  a  glance  the  relative  effects  of  the  respective 
treatments  for  each  day  and  month  of  the  season. 

METHOD  OF   RECORDING   THE  RESULTS. 

The  wheat  was  harvested  with  a  self-binder,  threshed  with 
a  good  separator,  which  was  cleaned  between  plots,  and  the 
weights  of  the  air-dried  grain  were  accurately  taken.  The  soil 
moisture  observations  alone  represent  some  4,000  tests  for  the 
two  years  here  figured.  The  readings  of  40  electrodes  were 
easily  made  by  one  man  in  two  hours  each  day  with  the  new 
electrical  device  invented  and  perfected  by  Dr.  Milton  Whitney, 
Chief  of  the  Division  of  Soils  of  the  National  Department  of 
Agriculture.  By  the  gravimetric  method  ten  men  would  have 
been  required  to  do  this  work,  and  the  results  would  not  have 
been  so  nicely  comparable,  or  so  accurate,  as  with  this  device. 
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The  gravimetric  method  necessitates  disturbing  the  sou  at  each 
determination  of  the  moisture,  while  with  the  electrical  method 
the  soil  is  not  disturbed  after  the  electrode  is  once  placed  in  it. 
This  means  that  the  moisture  condition  of  the  same  portion  of 
soil  may  be  determined  from  day  to  day  for  the  entire  season 
without  disturbing  the  soil  at  all.  The  moisture  determinations 
are  made  with  the  soil  particles  always  in  the  same  physical  ad- 
justment about  the  electrode.  The  sources  of  error  arising  from 
weighing  and  handling  small  amounts  of  soil  necessitated  by 
the  gravimetric  method  are  eliminated  by  the  electrical  method. 
The  principle  on  which  the  electrical  method  rests  is  that  a  wet 
soil  conducts  a  current  of  electricity  better  than  a  drier  soil. 
This  is  readily  appreciated  by  those  who  know  the  need  of  hav- 
ing a  lightning  rod  well  connected  with  the  moist  soil  beneath, 
else  the  rod  will  be  a  source  of  danger.  An  instrument  known 
as  a  "soil  rheostat/'  a  modification  of  rheostats  long  used  in 
physical  laboratories  for  measuring  electrical  currents,  was  used 
to  measure  the  variation  of  the  electrical  conductivity  due  to  the 
variation    of  the  amount  of  water  in  the  soil. 


Pip.  269.— Taking  soil  nioisturc^od^soil  tcmijcraturc  obserTatioos  with  Wiut- 
nt-y's  electrical  device. 
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In  Fig.  269  is  shown  the  soil  rheostat  in  use.  The  temper- 
ature of  the  soil  is  also  determined  with  this  machine.  A  glass 
tube  containing  a  salt  solution  is  placed  in  the  soil  at  a  de- 
sired depth.  The  ease  with  which  a  current  of  electricity  may 
be  passed  through  this  solution  varies  with  the  temperature ;  the 
warmer  the  solution  the  more  easily  the  current  is  conducted. 
Hence,  by  measuring  this  variation  in  the  conductivity  of  the 
salt  solution,  the  temperature  of  the  soil  in  contact  with  the 
glass  tube  is  readily  and  quickly  determined.  For  further  in- 
formation on  this  valuable  device,  see  Buls.  6-9,  incl.,  of  the  Div- 
sion  of  Soils,  U.  S.  Dept.  of  Agr. 

TABLB  OZZXVin.-Tield  of  Wheat  In  TiUaffe  Plots  for  1896.  *97  and  '98. 
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Yields  of  Wheat  Under  Several  Treatments, — In  Table 
C  XXXVIII.  are  collected,  for  convenience,  the  yields  of  wheat  of 
the  various  plots  planted  to  this  cereal  for  each  of  the  years  1896, 
1897,  and  1898.  The  figures  for  1896  and  1897  represent  the 
average  yields  of  three  plots  in  each  case,  and  for  1898  the  figures 
represent  the  averages  of  the  two  plots.  In  numerous  tables  these 
yields  are  used  in  the  comparisons  under  the  various  problems. 
These  same  figures  are  also  used  in  many  of  the  charts.  Sev- 
eral sunlmaries  are  given  in  Table  CXXXVIII.,  but  these  also 
are  again  given  in  connection  with  the  discussion  of  the  various 
problems.  j  i.flJI 


CROPS  USE  A  LARGE  QUANTITY  OF  WATER. 

Careful  experiments  in  America  and  in  Europe  have  sho>\-n 
tliat  one  to  two  barrels  of  water  (200  lbs.  to  500  lbs.)  are 
needed  to  produce  a  pound  of  the  dry  matter  of  many  of  our 
common  field  crops.  If  this  amount  is  not  available  in  the 
soil  the  crop  suffers,  and  if  the  supply  is  irregular  there  is  a 
lessened  yield.  In  Western  Manitoba  every  other  season  the 
land  is  kept  in  a  bare  fallow  with  the  surface  repeatedly  stirred, 
that  the  moisture  of  two  years  may  be  utilized  in  producing  a 
crop  each  alternate  year. 

The  immense  amount  of  water  a  crop  draws  up  through 
its  roots  and  allows  to  evaporate  is  clearly  shown  by  Charts  I. 
and  II.  The  solid  line  moisture  curve  in  each  chart  repre- 
sents the  moisture  present  in  a  plot  from  which  the  wheat 
stubble  of  the  previous  year  was  removed  and  the  weeds  kept 
from  growing,  no  crop  being  planted  and  the  soil  not  being  dis- 
turbed for  the  entire  season.  The  dotted  line  moisture  curve 
represents  the  moisture  present  in  another  plot  similarly  treated, 
except  that  wheat  was  drilled  into  the  hard  surface.  The  ob- 
ject was  to  see  how  much  the  wheat  would  dry  the  soil. 

Chart  I.  represents  the  moisture  and  temperature  conditions 
on  these  two  plots,  as  shown  by  electrodes  at  the  depth  of  3  to  6 
inches,  the  lower  half  of  the  furrow  slice,  this  land  having  l>een 
previously  plowed. 
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Chart  II.  represents  the  moisture  and  temperature  conditioos 
at  the  depth  of  two  feet  on  these  same  plots. 

The  wheat  was  harvested  late  in  July,  and  a  fair  crop  (22 
bushels  per  acre)  was  secured  from  the  plot  planted  to  wheat. 
By  inspecting  Chart  I.  it  will  be  observed  that,  while  the  occa- 
sional fall  of  rain  was  sufficient  to  keep  the  moisture  in  the  bare 
plot  up  to  what  it  was  in  June,  in  the  plots  bearing  a  crop  of 
wheat  the  content  of  moisture  ran  down  as  the  plants  became 
large  and  leafy.  It  will  be  observed  also  that  the  content  of 
moisture  in  the  furrow-slice  increased  again  as  the  crop  was 
removed.  In  Chart  II.  likewise  at  a  depth  of  two  feet  it  will 
be  seen  that  the  deep  going  roots  of  the  wheat  were  extract- 
ing large  quantities  of  water  from  the  soil. 

During  the  crop  growing  months  of  June  and  July  when  the 
foliage  presents  the  greatest  expanse  of  surface  and  the  roots 
are  reaching  several  feet  into  the  soil  for  water,  there  is  a  very 
great  draft  of  water  manifest.  A  conservative  estimate  placed 
on  the  showing  made  in  Charts  I.  and  II.  would  place  the  aver- 
age moisture  percentage  in  the  soil  bearing  a  wheat  crop  fifteen 
per  cent,  below  tHat  in  the  soil  bearing  no  crop.  Using  eighty 
pounds  as  the  average  weight  of  a  cubic  foot  of  this  soil,  we 

NoTB.— Explanation  of  the  soil  moisture  charts.  I-XXVIII.,  indasive. 
The  electrical  method  of  recording:  the  percentage  of  moistnre  has  made  it  po»- 
xible  to  show  the  movements  of  water  into,  through  and  out  ot  the  soil.  Studring 
ifuch  data  in  long  columns  uf  tabulated  figures  would  be  most  tedious  and  difficult. 
Since  it  is  the  relative  variation  in  the  moisture  content  of  the  same  soil  under 
diflerent  treatments  that  we  desire  to  display  here,  a  plain  wav  of  comparing  the 
moisture  in  the  respective  plots  is  needed.  With  the  invention  of  the  electrical 
device  making  daily  determinaUons  possible  came  the  need  of  a  new  method  or  a 
new  language  for  expressing  the  data  secured.  It  was  found  that  some  graphic 
method  must  be  resorted  to,  and  the  following  moisture  charts  are  the  result. 
These  charts  express  the  air  temperature  and  the  soil  temperature,  the  raixifall 
and  the  soil  moisture  in  a  language  not  limited  to  Bnglish  or  any  other  speech, 
once  the  mechanical  construction  of  one  chart  is  studied  until  it  is  understood. 
The  charts  are  all  made  on  the  same  plan  and  usually  show  only  two  comparisons, 
so  as  to  avoid  the  confusion  that  several  curves  on  the  same  chart  would  give 
rise  to.  A  few  moments'  inspection  of  any  one  chart  will  show  that  the  Tcrtical 
lines  of  the  cross-section  paper  used  mark  the  days  of  the  month,  while  the  horix- 
ontal  lines  mark  the  places  for  plotting  the  soil  moisture  and  temperature  obser- 
vatioi^s.  The  lower  portion  of  the  chart  shows  the  air  temperature  curve  which  is 
an  average  of  the  night  and  day  temperatures.  The  rainfall  is  expressed  in  figures 
and  in  short  vertical  bars  so  that  its  relation  to  a  change  in  the  soil  moisture 
curve  may  be  easily  noted.  The  middle  portion  of  the  charts  explains  itself  oa 
inspection.  It  shows  the  percentage  of  moisture  in  a  given  treatment  as  deter- 
mined by  the  daily  readings  of  the  soil  electrodes.  The  depth  at  which  the  ob- 
servation was  made  is  shown  at  the  left  hand  of  the  chart.  The  upper  portion 
also  explains  itself,  showing  the  temperature  of  the  soil  at  the  same  point  that  the 
moisture  determinations  were  made. 

The  value  of  this  method  of  expressing  soil  moisture  observations  over  the 
tabular'  method  will  impress  itself  on  any  one  who  inspects  one  or  two  of  the 
charts,  since  the  conditions  as  they  actually  exist  in  the  soil  and  air  are  here  graph- 
ically shown.  The  eflfect  of  a  small  or  large  rainfall,  the  effect  of  periods  of  drytiefs. 
the  cflTect  of  changes  in  the  air  temperatures,  may  be  studied  in  connection  with  the 
variation  of  soil  water  and  temperature.  The  relative  variation  of  the  moisture 
and  temperature  curve  presents  definitely  co  the  eye  the  actual  conditions. 
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have  a  reduction  of  twelve  pounds  of  water  per  cubic  foot  of 
soil  caused  by  the  crop;  or  about  523  tons  (1,045,440  lbs.)  per 
acre  of  water  taken  out  of  the  upper  two  feet  of  soil  by  the 
crop.  The  total  yield  of  dry  matter  of  grain  and  straw  was 
about  two  tons  (4,000  lbs.).  For  each  pound  of  dry  matter  pro- 
duced the  wheat  drew  up  through  its  roots  and  gave  to  the  air 
through  its  leaves  261  pounds  of  water.  The  523  tons  of  Water 
are  equal  to  nearly  five  inches  of  rainfall.  Prof.  King  found 
that  a  two  ton  crop  of  oat  hay  used  water  equivalent  to  about 
nine  inches  of  rainfall. 

Five  to  ten  inches  of  rainfall  are  used  by  the  crop  during 
the  crop  growing  months  in  the  production  of  fifteen  to  twenty 
bushels  of  wheat  or  its  equivalent  of  other  crops.  Since  more 
than  half  of  the  annual  rainfall  is  lost  by  drainage  and  by  evap- 
oration from  the  soil  without  passing  through  the  plants  of  the 
crop,  fifteen  to  twenty  inches  of  rainfall  are  necessary  to  sup- 
ply the  required  amount  for  good  crops,  and  a  large  |>art  of  this 
is  needed  during  the  growing  months.  During  a  large  part  of 
the  seasons  the  rainfall  is  not  sufficient  during  longer  or  shorter 
periods  of  drought  and  our  fields  should  be  so  managed  as  to 
increase  the  storage  capacity  of  the  soil.  Crops  which  make 
but  light  drafts  on  the  soil  water  should  he  used  where  prac- 
ticable in  preparing  the  soil  for  the  next  crop.  Heretofore  we 
have  paid  most  attention  to  increasing  the  storage  capacity  of 
the  soil  by  so  treating  the  furrow-slice  that  it  would  take  in  the 
water  of  rainfall,  and  so  that  it  would  not  allow  the  water  to 
evaporate  from  the  surface  of  the  soil.  Hereafter  more  at- 
tention will  be  given  to  learning  how  to  so  rotate  the  crops  that 
those  needing  a  moist  soil  will  succeed  crops  which  leave  the 
larger  supply  to  the  following  crop. 

HOW  WEEDS  INJURE  THE  CORN  CROP. 

In  1898  corn  was  planted  in  drills  in  two  plots  in  a  similar 
manner,  the  plots  being  run  in  duplicate.  On  one  plot  the  com 
was  cultivated  thoroughly,  no  weeds  being  allowed  to  grow, 
and  a  loose  mulch  of  earth  every  two  or  three  inches  deep 
was  maintained  throughout  the  early  part  of  the  summer.  The 
other  plot  received  but  slight  cultivation,  the  weeds  bemg  al- 
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lowed  to  grow  freely  until  July  21st,  when  they  were  removed 
by  hand  and  the  soil  was  cultivated. 

The  corn  grew  strong  on  the  well  cultivated  plot  while  on 
the  weedy  plot  it  did  not  thrive.     Fig.  270  shows  the  relative 


.•  '-# 


Plj5.  270.— The  well  cultivated  and  the  poorly  cultivated  plots  of  drilled  corn 
on  Jul  J  21,1898. 

development  of  the  two  plots  just  prior  to  removing  the  weeds 
from  the  poorly  tended  corn,  and  Fig.  271  shows  their  appear- 
ance three  weeks  later.  The  corn  on  the  poorly  cultivated  soil 
made  only  slight  recovery,  and  as  shown  in  Table  CXXXIX.,  p. 
590,  the  yield  per  acre  of  corn  and  stover  oil  this  land  was  only 
slightly  more  than  half  of  that  produced  on  the  well  tilled  soil. 

A  crop  of  3,540  pounds  of  wcxjds  reduced  the  corn  crop 
from  12,762  pounds  to  6,989  pounds,  or  5,773  pounds.  The 
weeds,  which  were  mainly  pigeon  grass,  were  much  more  active 
in  using  water  than  was  the  corn.  This  fact  is  clearly  shown  in 
Chart  III., p. 591,  where  it  will  be  seen  that  the  weedy  crop  reduced 
the  moisture  from  the  soil  at  3-6  inches  deep  much  more  rapidly 
than  did  the  com  on  the  well  cultivated  ground.  This  is  doubt- 
less due  to  the  fact  that  the  weeds  developed  very  early,  being 
nearly  mature  when  removed  on  July  21.  It  is  quite  probable 
that  these  weeds  use  more  water  from  the  surface  soil  in  pro- 
ducing a  pound  of  dry  matter  than  does  the  corn.  Further 
experiments    are    being   pursued    to    more    clearly  and    forcibly 


Digitized  by  VjOOQIC 


590 


HOW  WEEDS  INJURE  THE  CORN  CROP. 


KIr.  271.  The  well  cultivated  and  the  poorly  caltivatcd  plots  of  corn  on  An^uft 
1 1,  two  weeks  after  the  weeds  had  been  removed  from  the  weedy  plot  and  cnltiva- 
tion  institnted  there  as  well  as  on  the  other  plot. 

show  the  great  loss  of  water  and  crop  yields  occasioned  by 
weeds.  Cultivated  plants  through  long  selection  are  adapted  to 
produce  the  greatest  possible  amount  of  dry  matter,  protein,  and 
value  from  the  available  plant  food  and  soil  moisture.  Weeds 
are  mongrel  species  which  are  very  strong  feeders,  often  more 
hardy  in  contesting  for  room  and  moisture  in  the  soil  and  for 
sunlight  than  are  the  useful  plants.  They  use  a  great  amount 
of  plant  food  and  sunlight  to  make  a  comparatively  small  amount 
of  dry  matter,  and  that  worthless  or  actually  harmful  in  qualit>*. 

TABLE  OXXXIZ.- Poorly.  Oultivated  ▼«.  Well  Cultivated  Oorn. 


m 

i| 

Stover 

m 
111 

in 

Corn— Well  cnltivated 

4824 
2502 

6703 
8663 

12762 
10629 

12763 

**        Poorly  cultivated 

3640 

6d89 

Table  CXXXIX.  and  Chart  III.  present  some  facts  which 
our  farmers  should  heed.  More  and  better  rotation  and  better 
tillage  will  greatly  increase  the  yields  and  the  quality  of  our  crops 
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Corn  is  a  very  sensitive  plant.  The  average  corn  field  in 
Soutiiern  Minnesota  and  in  surrounding  states  does  not  produce 
over  70  per  cent,  of  the  crops  which  first-class  farming  would 
produce.  The  experiment  emphasizes  that  one  of  the  pnncijwtl 
losses  is  caused  by  weeds,  literally  a  *ieak  upward  into  the  air 
of  a  large  amount  of  soil  water." 
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SUB-SURFACE  PACKING  THE  SOIL  FOR  WHEAT  IN 
WESTERN  MINNESOTA. 

For  several  years  the  use  of  a  sub-surface  packer  has  been 
urged  for  the  regions  subject  to  droughts.  This  device  has  the 
combined  action  of  a  roller  and  a  harrow.  In  appearance  it 
is  much  like  the  wheel  portion  of  a  Havana  or  Hoosier  press 
grain  drill.  The  tires,  instead  of  presenting  a  flat  surface  to 
the  soil,  are  V-shaped,  with  apex  outward.  The  theory  of  its 
advocates  may  be  stated  as  follows :  The  lower  half  of  the  fur- 
row slice  needs  to  be  packed  and  pressed  down  against  the 
subsoil.  The  common  roller  compacts  the  surface  only,  pul- 
verizes the  surface  soil,  and  gives  the  wind  a  better  chance  to 
drift  the  soil.  Compacting  the  lower  portion  of  the  furrow 
slice  by  the  sub-surface  packer  was  supposed  to  restore  its  capil- 
lary connection  with  the  moister  subsoil,  only  the  upper  few 
inches  of  the  furrow  slice  being  used  for  a  dust  blanket.  The 
zone,  or  layer  of  moist  soil,  is  thus  raised  to  nearer  the  surface, 
the  moisture  coming  up  to  the  mulch  in  fairly  dr>'  weather,  in- 
stead of  remaining  at  the  top  of  the  subsoil.  This  enables  plants 
to  obtain  food  in  the  lower  part  of  the  slice,  whereas  in  soil  which 
is  open  and  often  dry  at  the  bottom,  and  sometimes  disconnected 
from  the  subsoil  moisture  by  a  layer  of  loose  stubble  or  bam 
litter,  the  plant  must  feed  deeper  down,  largely  increased 
yields  from  sub-surface  packed  soil  were  confidently  claimed,  and 
it  was  determined  to  test  the  theory  by  careful  experiment.  Table 
CXXXVIII.,  p.  583,  gives  the  results  of  numerous  trials  of  the 
sub-surface  i>ackcr  on  plots  of  wheat  alongside  x)f  plots  not 
sub-surface  packed,  both  in  spring-plowed  and  fall-plowed  land; 
also  on  land  where  coarse  manure  had  been  plowed  under.  The 
figures  for  spring  and  fall  plowed  land  in  1896  and  1897  rep- 
resent the  averages  for  triplicate  plots  and  those  for  1898  for 
duplicate  plots. 

The  results  are  very  uniform.  In  most  cases  there  is  a  very 
slight  increase  in  yield  on  the  packed  areas.  This  is  well  ex- 
pressed in  the  grand  averages  at  the  foot  of  the  table. 

The  sub-surface  packer  has  not  produced  the  decided  results 
in  raising  the  line  of  moisture  in  the  soil  in  our  dnxithy  climate 
nor  in  increasing  the  yields  of  wheat    which  had  been  claimed 
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for  it.  It  does  slightly  increase  the  capillary  activity  of  the 
lower  part  of  the  furrow-slice,  as  is  shown  by  inspecting  the 
moisture  curves  in  Charts  IV.,  p.  595;  V.,  p.  598;  VI.,  p.  602; 
X.,  p.  597;  XVL,  p.  599;  XVIII.,  p.  596;  XXL,  p.  600,  and 
XXIII.,  p.  601.  The  increased  yield  is  too  small  to  make  the 
purchase  and  use  of  the  machine  profitable  under  these  con- 
ditions. The  seasons  in  which  we  have  used  this  machine  have 
been  about  average  in  the  amount  of  rainfall  and  in  its  even 
distribution  throughout  the  months  when  the  crops  are  growing. 
In  1897,  nine  and  seven-tenths  inches  of  rain  fell  during  May, 
June,  July  and  August,  and  in  1898  ten  and  four-tenths  inches 
fell  during  these  same  months. 

At  the  ends  of  the  fall-ploKved  plots  bearing  wheat  crops 
small  plots  were  kept  bare  of  crops  and  electnxles  were  placed 
at  3-6  inclies  deep,  that  we  might  determine  definitely  whether 
sub-surface  packing  causes  the  lower  part  of  the  furrow- 
slice  to  be  kept  more  moist  when  there  is  no  crop  to  make 
a  draft  upon  the  soil  water.  By  observing  the  moisture  curves 
in  Chart  X.,  p.  597,  it  will  be  seen  that  the  packer  had  little  or  no 
effect  in  increasing  the  moisture  in  the  lower  portion  of  the 
furrow-slice. 

These  plots  were  in  duplicate  and  the  results  show  very  un- 
favorably for  the  sub-surface  packer.  Here  all  influences  as 
crop,  etc.,  were  eliminated  and  yet  the  sub-surface  packer  had 
no  influence  in  making  the  lower  part  of  the  furrow-slice  more 
moist. 

Coarse  manure  was  plowed  under  in  the  spring  of  1898,  and 
part  of  the  land  was  packed  and  part  not  packed.  The  results 
were  against  the  sub-surface  packer,  though  here  it  was  ex- 
pected to  bring  the  greatest  benefit.  (See  Table  CXXXVIIL, 
p.  583,  and  Chart  VI.,  p.  602.) 

The  unpacked  plot  yielded  a  bushel  per  acre  more  than 
the  packed  plot.  The  soil  at  the  depth  of  3-6  inches  did  not 
become  so  dry  in  the  packed  as  in  the  unpacked  plot.  Doubt- 
less the  larger  crop  on  the  unpacked  land  removed  more  water 
from  the  soil  than  was  taken  from  the  other  by  the  smaller  crop. 
After  the  crop  was  harvested,  July  29th,  the  per  cent,  of  moist- 
ure, as  shown  by  the  dotted  moisture  curve  in  Chart  VI.,  p.  602, 
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rose  to  equal  that  in  the  plot  which  had  been  packed.  The  sub-sur- 
face packef  doubtless  pressed  the  furrow-slice  down  more  closely 
against  the  subsoil  by  compacting  the  soil  and  by  pressing  the 
layer  of  coarse  manure  into  a  thinner,  more  compact  layer 
which  would  not  so  effectively  cut  off  the  capillary  connections 
between  the  furrow-slice  and  th^  subsoil.  This  doutbless  aids 
the  rotting  of  the  manure  to  a  slight  extent.  It  will  be  observed 
that  late  in  the  season  after  the  crops  were  removed  the  moisture 
curve  for  the  unpacked  plot  rises  above  that  for  the  packed  plot. 
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GENERAL  SUMMARY. 

( 1 )  The  subsurface  packer  has  a  slight  effect  on  increasing 
tlie  moisture  in  the  lower  part  of  the  furrow-slice  and  on  in- 
creasing the  capillary  activity  in  this  part  of  the  soil. 

(2)  The  subsurface  packer  had  little  or  no  effect  on  modi- 
fying the  amount  of  moisture  in  the  subsoil  immediately  below 
the  furrow-slice   at  the  depth  of  6-9  inches. 

(3)  Subsurface  packing  increased  the  yields  of  wheat  only 
two-tenths  of  a  bushel  per  acre,  as  averaged  for  ten  plots  with 
and  ten  plots  without  packing,  and  was  not  financially  profit- 
able under  the  conditions  of  this  experiment. 

(4)  If  subsurface  packing  is  profitable  anywhere  it  is  prob- 
ably under  drouthy  conditions  and  on  loose  ash-like  soils.  The 
packer  leaves  the  soil  ridged  so  that  it  will  not  drift  so  much 
before  the  wind  as  will  soil  which  has  been  rolled  with  a  com- 
mon roller,  and  probably  not  so  much  as  land  which  has  been 
harrowed  with  the  common  spike  harrow. 


SUBSOILING  FOR  VARIOUS  CROPS  AT  COTEAU 

FARM. 

During  the  years  1896,  1897  and  1898  experiments  were  con- 
ducted to  determine  the  influence  of  subsoiling  on  the  yield  of 
crops.  Incidentally,  moisture  control  work  was  carried  along 
with  a  portion  of  the  plot  tests,  that  facts  might  be  learned  as 
to  the  effect  subsoiling  has  on  a  supply  of  soil  water  to  the 
crop. 

SUBSOILING  FOR  CORN. 

Table  CXL.,  p.  604,  gives  results  of  subsoiling  for  corn  in  1898 
on  spring-plowed  and  on  fall-plowed-land.  In  each  case  the  sub- 
soiled  plots  were  beside  those  not  subsoiled  and  the  comparisons 
were  accttrate  throughout.  In  every  case  the  subsoiling  ap- 
parently reduced  the  crop  of  ears,  also  the  crop  of  stover.  The 
ear  com  on  the  subsoiled  plots  was  nineteen  per  cent,  less  in 
yield  and  the  stover  fifteen  per  cent.  less. 
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TABLB  CXXi.— BubsoiUnff  ts.  Hot  Bubfloilinsr  for  Ck>ni. 


Bar  Corn 


Sprlns 
plow'd 


Pall 
plow'd 


Stover 


Spring 
plow'd 


Pall 
plow'd 


Total  Spring 
and  Pall 


Bar 
Com 


StoTcr 


Total 
Yield 


Clear 
com 
and 

•tovcr 


Corn  not  subsoiled.. 
Com  snbsoilcd 


4179 
3549 


6142 
4024 


6477 
4459 


6964 
60S9 


9321 
7578 


11441 
9488 


20762 
17061 


pounds 


SUnSOILING  FOR   WHEAT. 


Table  CXLT.  f^ivcs  the  results  of  siibsoiling  for  wheat  in 
1897  on  spring-plowed  land  which  had  been  sub-surface  packed, 
both  with  and  without  subsurface  packing.  In  each  case  there 
are  lessened  yields  shown  on  the  subsoiled  plots. 


TABLE  CXLI.    Sabsoilinff  vs    Not  Sabsollinff  for  Wheat. 


Treatments 


Spring  plowred  and  anbsurfacc  packed 

Spring  plowed,  sabsurface  packed  and  sabsoiled 

Spring  plowed 

Spring  plowed  and  sabsoiled 


Grain 
Bus. 


11.92 
11.46 
11.28 
11.00 


Straw 


2310 
2603 
3397 
2508 


SUnSOIMNG  FOR  SEVERAL  CROPS. 

Table  CXLII.,  p.  606,  gives  the  summarized  results  comparing 
subsoiling  and  not  subsoiling  under  a  variety  of  conditions  and 
with  several  crops,  and  running  through  the  three  years  1896, 
1897  and  1898.  Out  of  the  seventeen  comparisons  shown  in  these 
tables,  fourteen  show  a  decreased  yield  from  subsoiling.  In 
one  case  the  yields  are  equal  and  in  two  cases  there  is  a  gain  in 
favor  of  the  subsoiled  plots.  The  grand  averages  in  these 
three  tables  show  lessened  yields  of  the  subsoiled  land 
in  case  of  every  crop  tested.  Not  only  did  the  -wheat,  oats 
and  corn,  commonly  but  erroneously  termed  surface  feeding 
plants,  yield  less  on  the  subsoiled  land,  but  the  potatoes,  turnips 
and  sugar  beets  also  found  this  soil  less  suitable  to  their 
growth. 
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Subsoiling  is  very  expensive,  and  for  nearly  alt  our  Minnesota 
conditions  it  will  not  pay  in  raising  farm  crops,  if  indeed  in 
raising  root  er  garden  crops,  or  even  young  nursery  trees  under 
many  conditions.  It  is  easy  to  make  most  of  our  soils  too  open 
for  the  best  growth  of  crops  during  our  frequent  periods  of 
drouth. 

Profs.  Sheppertl  and  Ten  Eyck,  at  tlie  North  Dakota  Ex- 
periment Station,  Fargo,  found  that  fall  plowing  and  subsoiling 
eight  inches  deep  increased  the  wheat  crop  but  not  sufficiently  to 
pay  for  the  cost  of  subsoiling.  Where  the  subsoilcr  was  run 
only  4-6  inches  below  the  bottom  of  the  furrow-slice  they  secured 
less  yield  of  wheat  than  where  the  land  was  fall-plowed  without 
subsoiling. 

LOOSENING  THE  SOIL  AND  SUBSOIL  AIDS  RAIN  TO  PENETRATE  DEEP. 

It  has  been  shown  that  loosening  the  surface  of  the  soil 
catdies  portions  of  the  rainfall  which  would  otherwise  run  off 
over  the  surface.  Deep  plowing  and  subsoiling  induce  the  water 
from  a  heavy  rainfall  to  penetrate  deeper  into  the  soil.  Chart 
II.,  p.  587,  shows  that  the  bare  compact  soil  has  only  about  20 
per  cent,  of  moisture  at  the  depth  of  two  feet,  while  the  soil 
which  was  plowed  and  subsoiled,  as  shown  in  Chart  XXVII., 
p.  608,  contained  at  the  same  depth  about  22  per  cent.  While 
the  bare  compact  soil  (see  Chart  I.,  p.  585)  contained  only  about 
26  per  cent,  of  water  at  the  depth  of  three  to  six  inches,  and 
maintained  this  amount  steadily  throughout  the  season,  the  soil 
which  had  been  thoroughly  loosened  to  the  depth  of  thirteen 
inches  (Chart  XXYII.,  p.  608)  had  at  this  depth  33  per  cent,  in 
May,  but  this  amount  was  gradually  reduced  until  September, 
when  there  was  only  30  per  cent.  Two  causes  of  the  subsoil 
being  mokter  in  the  subsoiled  land  are  suggested : 

( 1 )  The  soil  which  had  been  loosened  to  a  depth  of  thirteen 
inches  may  have  allowed  the  rainwater  to  percolate  to  a  greater 
depth,  thus  increasing  the  water  supply  at  the  depth  of  twenty- 
four  inches. 

(2)  The  looeer  soil  and  upper  subsoil  may  have  retarded 
the  upward  flow  of  capillary  water,  thus  conserving  in  the  sub- 
soil more  of  the  water  which  was  received.  Opening  the  soil  to 
ttie  easy  penetration  of  water  is  in  one  way  an  advantage,  while 
the  injurious  effect  of  thus  loosening  it  by  subsoiling  results  in 
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injury  by  the  too  free  admission  of  air.  It  seems  best  to  depend 
upon  only  a  moderately  deep  furrow-slice  to  aid  the  water  in 
penetrating  the  earth  in  our  rather  dry  climates,  leaving  the  sub- 
soil compact. 

SUMMARY. 

(i)  Subsoiling  often  decreases  the  percentage  of  water  in» 
soils,  though  increasing  it  in  the  deeper  subsoil. 

(2)  In  districts  where  the  rainfall  is  not  over  abundant 
subsoiling  lessens  the  yield  of  crops  on  land  already  sufficiently 
open  or  porous. 

(3)  Subsoiling  is  expensive  and  is  not  profitable  under  most 

conditions  in  Minnesota. 

* 

PLOWING  IN  SPRING  VS.   PLOWING  IN  THE  FALL 
FOR  WHEAT. 

In  Table  CXLIII.  are  given  the  yields  per  acre  of  wheat 
grown  on  fall-plowed  land  and  on  spring-plowed  land.  The  re- 
sults of  three  years  are  averaged  and  the  average  yields  are  equal. 
The  North  Dakota  Station  has  averaged  results  of  trials  on  Red 
River  Valley  land.  They  give  the  average  for  fall  plowing  at 
19.2  bushels  of  wheat  per  acre  and  the  average  for  spring  plow- 
ing at  one  bushel  less. 


TABIjE  OXLIU— Spring  vs.  Fall  Plowing  for  Wheat  in  BuabeU. 


1896 

1897 

189S 

Totals 

Spring 

Fall 

Spring 

Pall 

Spring 

Pall 

Spring 

Fall 

No.  of 
trials 

Orand  Averages 

7.9 

10.3 

8.0 

7.8 

20.8 

24.*^ 

42.7 
14.2 

42.7 
14.2 

3 

Where  it  is  practicable  to  do  so,  plowing  should  be  done  in 
the  fall  (early  fall  plowing  is  the  best)  to  relieve  the  pressure  of 
work  during  our  short  spring  seasons,  when  large  areas  must  be 
planted  quickly.  Extensive  practical  experience  would  seem  to 
indicate  that  plowing  early  in  the  autumn  gives  the  best  crops  and 
prevents  the  ripening  of  many  weed  seeds.     Weeds  are  plowed 
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under  while  yet  green,  other  weed  seeds  start  and  are  killed  by 
frost,  the  stubble  has  more  time  after  being  turned  under  in 
which  to  decay,  and  the  land  lies  fallow  for  a  time,  allowing 
some  plant  food  to  be  elaborated  and  retained  for  the  use  of  the 
crop  early  the  next  season.  The  early  fall  plowed  land  allows 
water  of  rainfall  to  enter  and  serves  as  a  mulch  to  keep  it  there. 

PLOWED  VS.  COMPACT  SOIL  FOR  WHEAT. 

Table  CXLIV.  gives  the  results  of  sowing  wheat  in  1898 
on  land  on  which  the  wheat  stubble  had  been  plowed  under  in  the 
fall,  in  comparison  with  wheat  sowed  on  land  from  which  the  stub- 
ble was  removed  in  the  fall  of  1897,  leaving  the  surface  hard  and 
bare.  The  season  was  a  rather  favorable  one  for  the  unplowed 
plots.  As  a  rule,  wheat  not  only  yields  less  where  the  land  is  not 
plowed,  but  the  weeds  have  a  better  chance,  both  because  the  weed 
seeds  are  not  destroyed  nor  buried  too  deep  to  germinate  and  be- 
cause the  less  vigorous  grain  plants  are  not  so  strong  in  smotherinj^ 
young  weeds.  Here  the  yield  was  2.6  bushels  more  on  the  plowed 
land,  though  the  compact  plots  were  otherwise  in  excellent  con- 
dition. As  a  rule  in  Minnesota,  this  plan  is  not  to  be  commended. 
Further  west  and  northwest,  where  the  drouths  are  more  severe, 
this  method  of  very  little  preparation  will  pay  only  occasionally. 
It  is  poor  farming  at  best,  and  as  compared  with  preparing  our 
fields  for  wheat  by  means  of  other  crops  preceding  them  in  the 
rotation,  as  grass,  corn,  etc.,  it  is  at  the  lowest  end  of  the  scale.  It 
has  been  characterized  as  "wheat  farming  gone  mad." 

TABLE  CXLIV.— Plowing  va.  Compact  Sou  lor  Wheat. 


Pall  plowed 34.6  bu. 

Compact  eoil  ..., 22.0bii. 

In  Chart  XXVIII. ,  p.  6ii,  it  is  shown  that  the  compact  soil 
was  moister  at  the  depth  of  three  to  six  inches  than  the  plowed  soil. 
This  is  in  part  due  to  the  greater  need  for  water  of  the  larger  crop 
on  the  plowed  area.  The  compact  soil  was  less  sensitive  to  the 
water  of  rains  than  the  more  open  surface  of  the  fall-plowed  area. 
The  better  capillary  conditions  of  the  lower  part  of  the  furrow-slice 
in  the  compact  soil  enabled  it  to  keep  a  lietter  supply  of  moisture 
during  the  short  periods  of  drought  than  that  of  the  plow^ed  soil. 
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That  plowing  opens  up  the  soil  so  as  to  allow  of  ready  absorp- 
tion of  rain  is  strongly  shown  in  Chart  XV.,  p.  612.  The  temper- 
ature of  the  plowed  soil  is  also  more  moderate  than  that  of  the  bare 
compact  soil.  The  chart  suggests  that  a  watershed  would  cease 
to  give  so  much  of  its  waters  to  lakes  and  rivers  if  the  surface 
were  tilled.  Many  of  the  lakes  and  sloughs  of  the  great  prairie 
regions  are  drying  up.  The  greater  absorptive  power  of  tilled 
soils  is  one  reason  for  this  drying  up.  It  is  a  condition  not  to  be 
wholly  deplored,  since  we  have  the  use  of  the  water  for  valuable 
crops.  It  also  means  that  early  fall  plowing  is  advantageous,  be- 
cause the  season  for  absorbing  rainfall  is  prolonged,  to  say  noth- 
ing of  the  better  elaboration  of  plant  food  that  results. 

It  may  be  worthy  of  remark  here  also  that  our  cultivated  crops 
are  doubtless  larger  and  remove  more  moisture  from  the  soil 
into  the  air  than  did  the  native  grasses  of  the  prairies,  thus  redu- 
cing the  amount  of  moisture  which  formerly  percolated  downward 
and  supplied  springs  and  sloughs,  which  dried  up  soon  after  the 
prairies  were  brought  under  cultivation. 


HARROWING  GROWING  WHEAT. 

Table  CXLA^.  gives  the  results  for  two  years  of 
ments  in  harrowing  wheat  when  it  is  a  few  inches  high. 


expcri- 
It  has 


TAVIiE  CXLV.— Harrowing  vs.  Not  Harrowing  arbwlnff  Wheat. 


1896 

1897 

Totolp 

Mot  Har- 
rowed 

Har- 
rowed 

Not  Har- 
rowed 

Har- 
rowed 

Not  Har- 
rowed 

Har- 
rowed 

No. 
Trials 

Fall  Plowed.... 
Averagre* 

8.8 

8.4 

8.0 

7.7 

16.8 
8.4 

16.7 
7.8 

2 

been  advocated  by  some  that  a  light  harrow  would  destroy  many 
weeds  and  would  improve  the  blanket  of  loose  earth  among  the 

NOTB. — The  two  plots  represented  in  Chart  XV.,  p.  61 2.  grew  no  crops  in  1898. 
One  was  left  compact  and  kept  bare  of  vcj^etation,  while  the  other  was  fall-plowed 
and  kept  bare  of  vef^etation.  The  compact  soil,  as  shown  by  the  moiftture  curve, 
held  about  twenty-five  per  cent,  of  moisture  at  a  depth  of  three  to  six  inches  in  the 
middle  of  May,  and  retained  the  same  percentage  till  late  In  September.  The  fall- 
plowed  plot  had  about  twenty-four  per  cent,  in  the  springTt  and  in  the  autumn  th«s 
nad  been  increased  to  thirty-one  per  cent.  The  temperature  in  the  compact  soil 
iivas  a  few  degrees  higher  throughout  the  entire  season. 
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wheat  plants.  The  results,  so  far  as  these  few  trials  show,  indicate 
that  the  injury  to  the  plants  is  more  than  enough  to  offset  any  bene- 
fits -which  may  arise  from  killing  weeds  and  making  the  surface 
soil  loose.  In  some  experiments  previously  conducted  the  wheat 
was  injured  by  harrowing,  and  the  more  harrowing  the  greater 
the  injury. 

We  can  probably  do  more  to  reduce  the  weeds  in  our  wheat 
fields  by  means  of  previous  crops  grown  in  the  rotation  with 
wheat.  Cultivated  and  grass  crops  reduce  the  weed  seeds  and 
also  the  annual  and  biennial  weeds.  These  crops  also  prepare 
the  soil  for  a  thrifty  growth  of  small  grains  which  will  smother 
out  the  Weeds.  Weeds  must  be  attacked  by  all-round  good  farm- 
ing as  well  as  by  special  means. 

Doubtless  light  harrowing  during  the  first  several  days  after 
seeding,  before  the  plants  are  much  developed,  benefits  the  crop, 
but  after  the  plants  have  reached  the  air  it  is  easy  to  do  more 
injury  to  the  plants  than  good  to  the, soil.  Shepperd  and  Ten 
Eyck  report  one  trial  at  Fargo,  N.  D.,  in  which  harrowing  six 
days  after  sowing  the  wheat  and  two  or  three  days  before  the 
plants  came  up  gave  an  increased  yield  of  two  bushels  per  acre. 

Since  grain  which  is  planted  with  a  drill  on  well-prepared 
soil  is  all  buried  to  an  even  depth,  it  may  be  harrowed  after  it 
sprouts  with  less  injury  than  in  case  of  wheat  sown  broadcast  or 
even  wheat  which  has  been  drilled  in  on  poorly  prepared  land, 
where  many  of  the  seeds  are  near  the  surface. 


BROADCASTING  VS.  DRILLING  WHEAT. 

During  the  past  decade  grain  drills  with  shoes  patterned 
somewhat  after  those  used  on  corn  planters  have  been  highly 
developed.  The  best  of  these  drills  seem  to  be  practicable  in 
almost  all  soils  and  all  conditions.  They  will  not,  however,  work 
well  on  land  in  which  corn  stover  is  lying  thickly.  Now  that 
corn  binders  are  thoroughly  practicable  and  corn  stover  is  so 
thoroughly  demonstrated  to  be  a  valuable  food  product,  there  is 
little  excuse  for  allowing  stalks- to  remain  standing  in  the  field  on 
most  Minnesota  farms.  Disk  drills,  on  which  disks  take  the  place 
of  shoes,  are  gaining  prominence  in  some  quarters.     They  may 
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prove  especially  well  adapted  to  drilling  in  grain  or  cornstalk  land, 
and,  on  account  of  leaving  the  soil  ridged  so  that  it  will  not  so 
easily  drift,  they  may  prove  useful  on  fine  soils  exposed  to  severe 
winds  and  to  many  other  conditions. 

TABLE  OXLVI.— Broadoastinff  ▼■.  DrilUaff  Wheat. 


1896 

1897 

Totals 

Drilled 

Broad- 
cast 

Drilled 

Broad- 
cast 

Drilled 

Broad- 
cast 

No. 
trials 

Pall  Plowed 

10.3 

8.7 

7.8 

3.8 

18.1 
9  05 

12.a 
6.26 

2 

Averases 

Table  CXLVI.  compares  the  yield  of  wheat  planted  with 
a  shoe  drill  and  broadcasted  in  1896,  and  again  in  1897,  on  fall- 
plowed  wheat  stubble.  The  average.^  for  both  years  are  low, 
but  it  is  under  poor  conditions  that  the  drill  excels.  The  drill  is 
especially  valuable  in  springs  when  the  soil  is  dry.  It  places  the 
seed  at  a  uniform  depth  and  in  a  narrow  jfurrow  freshly  c^)ened 
out,  so  that  the  seeds  are  laid  in  moist  earth.  Since  the  seeds  are 
all  at  once  well  and  evenly  covered  they  germinate  more  uni- 
formly early  than  in  case  the  seeds  are  buried  at  uneven  depths, 
as  they  are  when  sown  broadcast  and  covered  with  the  disk 
harrow,  the  spring  tooth  harrow  or  other  cultivating  implement 
In  seasons  when  moist  cool  weather  follows  seeding,  broadcasting 
may  result  in  as  good  croj>s  as  drilling,  because  the  conditions  are 
such  that  every  seed  will  produce  a  vigorous  plant  whichever  way 
planted,  and  almost  regardless  of  whether  it  is  buried  shallow  or 
medium  deep.  The  drill  requires  less  seed  because  a  larger  per- 
centage of  the  seeds  buried  at  a  uniform  depth  will  germinate 
and  few^er  seeds  are  required  to  produce  a  full  stand.  It  is  espe- 
cially important  that  tho.se  who  have  drouthy  soils  use  a  drill, 
though  the  drill  is  best  for  even  heavy,  moist  soils  under 
most  conditions.  Very  few  hoe  drills  are  now  sold  in  Minnesota. 
Press  wheels  behind  the  shoes  of  shoe  drills  are  not  now  con- 
sidered so  important  as  was  generally  believed  several  years  since. 
These  press  wheels  are  probably  useful  further  west,  where  the 
soils  are  frequently  very  dry  at  seeding  time,  and  would  be  useful 
in  western  Minnesota  in  exceptionally  dry  springs. 
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CULTIVATING  WHEAT  IN  WIDE  DRILLS. 


The  especially  low  yield  of  broadcasting  shown  in  the  table 
on  p.  6i6  for  the  year  1897  is  very  significant.  A  severe  frost 
May  31st  destroyed  about  one-half  of  the  wheat  plants  on  the 
broadcasted  plot,  while  of  the  drilled  wheats  there  were  but 
few  plants  permanently  injured.  The  drilled  wheats  were  more 
deeply  and  strongly  rooted  than  those  of  the  broadcasted  plots, 
the  "crown"  being  deeper  in  the  soil ;  hence  they  withstood  the 
frost  better. 

CULTIVATING  WHEAT  IN  WIDE  DRILLS. 
In  Table  CXLVII.  are  given  the  results  of  several  trials 
of  wheat  grown  in  drills  twenty-one  and  fourteen  inches  apart  and 
cultivated,  as  compared  with  wheat  sown  in  the  ordinary  wzy  in 
drills  seven  inches  apart  and  not  cultivated.  Thes«  trials  cover 
the  years  1896  and  1897,  each  yield  given  for  each  year  being  the 
average  of  the  yield  of  three  plots.  The  grand  averages  tell  the 
story  so  emphatically  that  no  discussion  is  necessary  further  than 
to  say  that  the  yield  is  reduced  and  the  further  apart  the  drills 
the  less  the  yield.  It  is  urged  by  those  who  favor  this  method 
that  about  one-half  as  much  seed  is  needed.  While  this  is  true,  it 
is  more  than  offset  by  the  extra  cost  of  cultivating  between  the 
drills.  There  is  nothing  to  warrant  the  use  of  this  method  in 
Minnesota.  It  has  been  suggested  that,  instead  of  using  half  the 
ordinary  amount  of  seeds  in  the  wide  drills,  better  results  would 
be  obtained  by  sowing  the  full  amount  of  seed. 

TABLE  OXLVn  —Otatlvatlng  Wheat  in  Wide  Drills-         ___ 


7 
Drills 

1896 

14 

OriUs 

21 
Drills 

1897 

Totals 

7 
Drills 

14 
Drills 

21 
Drills 

7            14    ' 
Drills      Drills 

21 
Drau 

Fall  Plowing. 
Averages 

8.8 

9.2 

7.8 

8.0 

4.6 

4.1 

16.8       13.9 
8.4         6.9 

ii.y 

6.9 

STABLE  MANURE  FOR  WHEAT. 
As  a  rule  in  Minnesota  farming,  stable  manure'would  better 
be  applied  to  some  crop,  as  grass  or  corn,  which  is  grown  in 
the  rotation  preparatory  to  the  crop*  of  wheat  than  to  the  wheat 
crop  itself.  Manure  added  direct  to  the  wheat  often  makes  the 
crop  leafy,  and  on  heavy  soils  it  may  even  cause  lodging  and 
thereby  do  more  injury  than  good.    This  danger  docs  not  obtain. 
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however,  in  the  Coteau  soils,  which  are  naturally  not  very  rich 
and  are  now  somewhat  worn  by  cropping  to  g^in.  Reference  to 
Table  CXLVIII.  shows  the  proportion  of  straw  to  wheat  to  be 
less,  if  anything,  in  the  manured  areas  than  on  the  unmanured  land. 
These  soils  lack  humus,  but  on  the  other  hand  they  abound  in  sol- 
uble mineral  salts.  Hence  the  yield  of  the  crop  is  increased  where 
humus  and  nitrog^en  are  added  to  the  soil.  Twenty  tons  per  acre 
is  not  sufficient  to  make  the  growth  of  straw  too  strong,  but  this 
amount  increases  the  yield  of  the  grain  and  its  quality  also. 
Even  here  it  is  recognized  that  the  manure  would  yie^ld  far  more 
profits  per  load  if  applied  first  to  corn  or  grass  and  the  wheat 
brought  on  the  first  or  second  year  thereafter. 

TABLB  OXIiVm  — Manmrins  vm.  Not  Manuring  for  Wh«at. 


1898     \      1897             1898 

Totals 

Av.  Propor- 
tion Grain  to 

Not 
Manured 

Manured 

Not 
Manured 

Manured 

Not 
Manured 

Manured 

Not 
Manured 

Manured 

Not 
Ma- 
nured 
1  to 

Ma- 
nured 

1  to 

Sorins'  Plowioir 

T.9    20.4  8  0 

8.3    14  3   9.1 

10.3    12.5i  7.8 

17.3  26.8 
14.3  26.5 
10.»  24.6 

26.4 
25.5 
24.6 

45.7,   64.1 
48.9'   54.1 

42.7     47.4 

2.4 
2.6 
2.5 

2.2 

Spr.  Plow,  and  8.  8.  P. 
PaII  Plowinff 

2.24 
2.5 

'           ,                      1 

C«rAnd  Totals 

I 
129.3 1 165.6     7.5 

6.94 

Grand  Averages 14.36  18.40    2.50       2.81 


Table  CXLVIII.  gives  the  yields  for  1896,  1897  and  1898, 
each  of  which  are  made  up  by  averaging  the  yields  of  two  or  three 
plots.  While  the  grand- averages  show  that  twenty  tons  of  manure 
will  increase  the  yield  of  wheat  on  this  land  several  bushels  per 
acre,  the  manuring  was  primarily  done  that  we  might  study  the 
influence  of  vegetable  matter  on  the  moisture  of  the  soil. 

The  material  increase  in  the  yields  of  wheat  from  the  appli- 
cation of  stable  manure  on  this  comparatively  new  soil  speaks 
emphatically  in  favor  of  the  economy  of  producing  and  applying 
large  quantities  of  manure  on  our  farms,  especially  those  which 
are  lacking  in  humus  and  nitrogen.  The  range  of  increase  shown 
in  Table  CXLVTII.  is  from  12.5  bushels  per  acre  down  to  noth- 
ing, and  in  one  case  a  decrease  of  one  bushel  is  shown. 
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In  general,  it  would  appear  that  either  rotted  or  unrotted 
manure  plowed  under  in  the  fall  or  in  the  spring  makes  the 
furroiw-slice  drier  during  the  earlier  part  of  the  summer  in  a 
dry  region,  but  as  the  season  advances  it  becomes  more  inti- 
mately associated  with  the  soil,  both  chemically  and  physically, 
and  then  makes  the  soil  more  retentive  of  moisture.  It  was 
at  first  thought  that  the  wheat  roots  might  have  been  especially 
developed  in  the  rich  zone  of  soil  containing  the  manure.  This 
would  result  in  the  plants  securing  the  excess  of  moisture  there 
provided  by  the  manure.  But  an  examination  of  Chart  XL,  p. 
623,  will  show  that  on  the  plot  not  bearing  a  crop  the  manure  re- 
duced the  moisture  in  the  soil  early  in  the  season  and  that  later 
it  increased  the  moisture,  showing  quite  decidedly  that  organic 
matter,  once  it  becomes  well  incorporated  with  the  soil,  tends  to 
increase  its  water  holding  capacity.  Doubtless  the  eflFect  of  the 
coarse  manure  early  in  the  season  is  to  so  loosen  the  soil  that  it 
acts  more  strongly  as  a  mulch,  holding  water  in  the  subsoil  by 
not  allowing  it  to  so  easily  rise  through  the  furrow-slice  by  cap- 
illary action. 

These  soil  moisture  studies  have  strongly  suggested  the 
thought  that  in  our  warm,  dry  summers  our  common  field  crops 
adjust  themselves  to  the  conditions  and  feed  deep  in  the  aoil. 
Where  the  plant  can  find  no  moisture  through  which  to  get  its 
food  in  the  upper  six  inches  or  foot  of  soil,  its  main  feeding 
zone  is  below  these  depths  and  a  foot  or  more  in  depth.  Doubt- 
less the  zone  of  greatest  activity  of  bacterial  life  is  also  just 
beneath  the  bottom  of  the  dry  zone.  The  water  holding  ca- 
pacity and  the  richness  in  plant  food  of  the  subsoil  to  the  depth 
of  several  feet  are  of  greater  interest  and  importance  in  a 
droutby  country  than  in  one  with  an  abundance  of  rainfall.  Un- 
der conditions  of  extreme  drouth  where  the  entire  furrow  slice, 
and  probably  as  much  more  of  the  subsoil,  must  be  only  a  mulch 
over  the  moister  subsoil  in  which  the  plant  roots  feed  and  in 
which  bacterial  life  finds  sufficient  moisture  for  its  operations, 
the  quality  of  the  subsoil  is  very  important.  Purchasers  of  farm 
lands  in  dry  climates  should  make  more  than  the  customary 
diflference  in  price  between  those  lands  which  have  a  deep,  re- 
tentive, not  too  close,  subsoil  of  mixed  clay  and  sand  and  those 
in  which  the  subsoil  is  too  open  because  composed  largely  of 
sand  and  gravel. 
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CULTIVATION  CONSERVES  SOIL  MOISTURE. 

In  1898  comparisons  were  made  to  learn  what  effect  fre- 
quent tillage  throughout  tlie  summer,  and  also  plofwing,  have 
on  retaining  moisture  in  the  lower  part  of  the  furrow-sHce  and  in 
the  subsoil.  Land  which  had  grown  wheat  in  1897  similar  to  that 
used  in  plots  mentioned  in  Charts  I.  to  XXIII.,  inclusive,  was 
used.  The  stubble  was  removed  from  the  several  plots  which 
were  to  be  used  on  the  duplicate  series.  One  was  left  bare  and 
compact,  the  weeds  being  removed  through  the  summer  without 
disturbing  or  mellowing  the  soil.  Another  was  cultivated  fre- 
quently, keeping  a  loose  dust  mulch  on  the  surface  for  the  entire 
season.  All  treatments  were  in  duplicate  and  the  average  results 
are  in  all  cases  used  in  the  charts.  The  plot  which  was  left  com- 
pact and  kept  bare  of  vegetation  was  used  as  a  standard  with 
which  to  compare  the  plots  otherwise  treated. 

SURFACE  CULTIVATION    CONSERVES   MOISTURE. 

In  Chart  XII.,  p.  626,  the  bare  compact  plot  is  compared  with 
the  soil  frequently  stirred  to  the  depth  of  three  inches.  '  The  results 
are  very  surprising,  and  the  experiment  will  be  repeated.  At  the 
depth  of  three  to  six  inches  the  cultivated  soil  had  only  about 
I  per  cent,  more  of  moisture  during  most  of  the  season  than  the 
soil  which  was  compact  to  its  surface,  and  late  in  the  season  it 
had  no  more.  The  temperature  of  the  cultivated  soil  was  a  few 
degrees  cooler  than  in  the  compact  soil  except  in  the  autumn, 
when  it  retained  its  warmth  longer  than  the  compact  soil.  Should 
further  experiments  corroborate  this  result  attaching  less  impor- 
tance to  the  moisture  conserving  power  of  the  dust  mulch,  (see 
pp.  626,  634)  we  should  have  a  further  reason  for  destroying 
weeds,  which  were  shown  (pages  588  to  591,  incl.)  to  waste  such 
large  quantities  of  water.  We  should  also  have  stronger  suspi- 
cions that  the  constant  stirring  of  the  soil  in  between-row  tillage 
improves  the  conditions  under  which  soil  bacteria  work  best  in 
elaborating  plant  food.  The  effect  of  conserving  moisture  in 
the  subsoil,  as  well  as  in  the  plowed  zone  of  soil,  is  being  further 
studied. 
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PLOWING   AND   SUBSOILING   CONSERVE   SOIL    MOISTURE. 

While  the  presence  of  a  mulch  of  loose  earth  three  inches  deep 
throughout  the  season  did  not  conserve  much  moisture  in  the 
soil  at  the  depth  of  3  to  6  inches,  plowing  six  inches  deep  and  sub- 
soiling  seven  inches  deeper  resulted  in  the  lower  part  of  the  fur- 
row-slice being  much  moisten  This  was  especially  true  early  in 
the  season,  as  is  shown  by  comparing  the  moisture  curves  in 
Chart  XXV.,  p.  627. 

The  moisture  in  the  subsgil  was  much  better  conserved  by 
the  foot  of  loosened  earth  on  the  plots  plowed  and  subsoiled  than 
on  the  bare  compact  soil  as  shown  by  the  moisttu^e  curves  in 
Chart  XXVI.,  p.  628.  It  would  seem  that  one  of  the  import- 
ant functions  of  the  plow  is  to  conserve  moisture  in  the  soil 
and  subsoil.  It  loosens  the  soil  to  the  depth  of  several  inches, 
making  a  more  porous  surface  for  the  rainwater  to  enter,  and 
it  allows  the  water  to  percolate  downward  to  the  subsoil.  When 
drouth  occurs  the  porous  soil  is  of  too  open  a  character  for 
the  water  to  readily  rise  through  it  by  capillarity  to  be  evap- 
orated from  the  surface  of  the  ground.  If  this  proposition 
be  as  shown  in  Charts  XXV.,  p.  627,  and  XXVI.,  p.  628, 
it  is  advantageous  to  have  the  rotation  of  crops  so  arranged 
that  the  soil  is  broken  or  cross-plowed  at  least  at  intervals  of  a 
few  years,  rather  than  lie  unbroken,  as  in  tame  sod,  for  many  years. 
The  relation  of  soil  moisture  control  and  conservation  is  very  inti- 
mately associated  with  the  subject  of  crop  rotations  in  climates 
which  are  subject  to  drouth.  The  most  important  question  relat- 
ing to  the  management  of  our  fields  is.  What  is  the  best  method 
of  rotating  our  crops?  The  question  of  how  much  water  each 
crop  leaves  stored  in  the  soil  for  the  use  of  the  succeeding  crop 
is  a  secondary  one,  but  is  of  great  interest.  The  amount  of 
water  in  the  soil  at  the  beginning  of  the  season  depends  much 
upon  the  amount  which  was  removed  by  the  previous  crop  and 
upon  the  condition  of  the  soil  as  to  its  taking  in  and  retaining 
water  during  the  growth  of  that  crop  and  during  the  interval  be- 
tween the  two  crops. 

EFFECT   OF    A    MULCH    OF    STRAW    ON    SOIL    MOISTURE    AND    TEM- 
PERATURE. 

In  1897,  and  again  in  1898,  a  plot  of  compact  soil,  from 
which  the  wheat  had  been  removed  by  hand,  was  covered  with 
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a  mulch  of  straw  four  inches  deep.  These  plots  were  near  the 
plots  left  bare  and  compact  and  those  cultivated  throughout  to 
the  depth  of  three  inches.  Their  arrangement  is  shown  in 
Fig.  272. 

In  Chart  XIII.,  p.  631,  the  plot  mulched  with  straw  in  1898  is 
compared  with  the  adjacent  plot  of  bare  compact  soil.  The  moist- 
ure curves  show  that  the  mulched  soil  at  the  depth  of  three  to  six 
inches  contained  over  5  per  cent,  more  moisture  than  the  bare  soil. 
The  difference  was  greater  in  the  dry,  warm  weather  of  mid- 
summer, when  the  straw  prevented  evaporation,  than  early  or  late 
in  the  season.  That  the  greater  part  of  a  small  rainfall  readily 
penetrated  through  a  straw  mulch  four  inches  thick  is  shown  by 
the  manner  in  which  the  dotted  moisture  curve  responds  to  every 
rainfall  of  over  half  an  inch.     The  electrodes  in  these  plots  re- 


Pig.  272. — The  nearest  plot  is  compact  soil  mulched  with  straw:  the  second  it 
bare  of  crop  and.  cultivated  lo  the  depth  of  three  inches;  the  third,  where  the  man 
is  using  the  electrical  devicr,  is  bare  and  compact;  the  fourth  is  wheat  on   a  com- 

g act  soil.    Attheleft  is  the  plot  of  thoroughly   cultivated   com.    See  pases  586, 
87,626   631. 

sponded  to  the  rains  nearly  as  sharply  as  did  those  in  the  bare 
compact  soil.  The  temperature  at  the  depth  of  three  to  six 
inches  was  several  degrees  lower  than  in  the  bare  plot,  and  it  did 
not  fluctuate  so  sharply  with  the  temperature  of  the  air  and 
with  the  amount  of  sunshine,  as  is  shown  in  the  temperature 
curves  at  the  top  of  the  chart. 
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In  Chart  XIV.,  p.  632,  the  soil  mulched  with  straw  is  com- 
pared with  the  cultivated  soil.  The  straw  mulch  caused  the  soil 
at  the  depth  of  three  to  six  inches  to  be  much  more  moist  than 
the  cultivated  soil.  The  mulched  soil  became  moister  as  the 
season  advanced,  while  the  per  cent,  of  water  in  the  cultivated 
area  remained  at  about  25  per  cent.  The  cultivated  soil  was  a 
few  d^^ees  warmer  than  the  mulched  soil  early  in  the  season^ 
and  in  the  latter  part  of  the  season  the  temperature  curves  show 
it  to  have  been  several  degrees  warmer. 

Chart  XXIV.,  p.  634,  shows  the  record  made  on  three  plots  in 
1897,  on  a  mulched  plot,  a  cultivated  plot  and  a  plot  left  compact. 
No  vegetation  was  allowed  on  any  of  the  plots.  The  mulched  plot 
was  covered  with  six  inches  of  straw,  which  proved  too  thick,  as 
shown  by  the  fact  that  the  soil  in  this  plot  became  no  more  moist  as 
the  season  advanced,  while  those  areas  which  were  cultivated  and 
those  left  bare  and  compact  did  become  more  moist.  Strangely, 
the  cultivated  soil  is  not  so  moist  as  the  compact  soil,  though 
at  the  beginning  of  the  season  it  was  much  drier,  and  it  increased 
in  moisture  more  than  the  compact  soil.  The  mulched  soil  had 
several  per  cent,  more  of  moisture  at  the  depth  of  the  electrodes, 
three  to  six  inches,  than  either  of  the  other  plots. 

The  electrodes  in  the  cultivated  soil  responded  more  quickly 
to  the  water  from  rainfall  than  did  those  in  either  the  mulched  or 
the  compact  soil.  Doubtless  the  cultivated  surface  enabled  the 
water  to  more  freely  percolate  downward  to  the  depth  of  the 
electrodes.  This  is  very  good  evidence  that  a  cultivated  soil  is 
more  effective  in  absorbing  the  water  from  rains  than  is  a  harder 
surface,  a  matter  of  no  small  consequence.  Whateveir  retards 
the  rainwater  in  its  tendency  to  run  oflF  over  the  surface  and  in- 
duces it  to  enter  the  soil  is  very  advantageous  in  a  country  where 
the  rainfall  is  not  sufficient  for  the  best  results. 

The  mulched  soil  was  cooler  than  the  others  except  at  the 
end  of  the  season,  when  it  retained  its  warmth  longer.  The  cul- 
tivated and  compact  soils  remained  equally  warm  until  early  in 
August,  after  which  time  the  compact  soil  was  the  cooler  of 
the  two. 

The  mulch  of  straw,  com  stover,  hay  or  other  coarse  ma- 
terial is  useful  about  trees  and  shrubs.  If  laid  flat  and  not  too 
thick,  two  to  five  inches,  owing  to  the  nature  of  the  material,  so  as 
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to  let  the  water  pass  through  it  into  the  soil,  it  doubtless  con- 
serves water  for  the  plants.  Superintendent  Gregg  has  found  it 
useful  to  place  a  mulch  along  either  side  of  his  willow  hedges 
after  the  time  of  cultivating  has  passed,  when  they  are  several 
years  old.  With  young  trees  the  mulch  hardly  takes  the  place  of 
cultivation,  but  the  wiser  plan  seems  to  be  to  keep  the  soil  well 
cultivated  and  free  of  grass  and  other  weeds  until  the  trees  are 
several  years  old.  Then  the  mulch  aids  in  keeping  the  soil  moist 
and  in  smothering  out  weeds  which  would  rob  the  tree  of  much  of 
its  share  of  moisture.  Where  prairie  or  field  fires  are  likely  to 
occur  the  mulch  is  a  menace  to  trees,  while  clean  cultivation  is  a 
perfect  protection.  The  mulch  about  trees  set  in  a  small  hole  in 
the  sod  will  not  take  the  place  of  cultivation  in  producing  satisfac- 
tory growth  in  young  trees  of  any  kind.  The  mulch  seems  more 
adapted  to  use  in  manuring  and  aiding  the  older  tree,  which  is 
nearly  large  enough,  to  so  shade  the  land  as  to  prevent  the  growth 
of  weeds  near  it  which  would  rob  it  of  moisture. 

Likewise,  in  the  care  of  strawberries,  and -such  shrub  fruits 
as  raspberries,  currants,  etc.,  the  mulch  is  doubtless  best  used  as 
an  adjunct  in  between-row  tillage.  A  layer  of  straw  placed 
between  the  rows  in  midsummer,  after  the  cultivator  has  been  run 
for  two  or  three  months,  will  often  do  the  plants  much  good. 
This  plan  secilres  the  advantages  of  the  cultivation  early  in  the 
season,  when  moisture  is  more  abundant  and  the  mulch  conserves 
the  moisture  during  the  droughtier  period,  from  the  middle  of 
July  until  the  autumn,  that  the  plants  may  have  a  supply  of  water 
in  the  autumn  and  in  the  spring. 
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While  the  main  object  of  field  experiment  work  has  been  to 
study  crop  rotation  and  field  management,  several  minor  ex- 
periments have  been  carried  on. 

MEADOW  AND  PASTURE  CROPS. 

In  Table  CXLIX.,  p.  637,  are  arranged  manyjacts  gathered 
from  experiments  with  a  series  of  plots  of  grasses  and  clovers 
tested  for  many  years.  These  plots  were  first  sown  in  the  spring 
of  1895  to  the  crop  named  in  column  2.  The  yields  of  these  crops 
in  1896  are  given  in  column  3.  The  winter  of  1896-97  was  severe, 
and  all  but  the  hardiest  were  killed  out,  thus  giving  a  good  test  of 
the  hardiness  of  the  numerous  kinds.  In  column  4  are  shown  the 
yields  of  these  grasses  which  endured  the  winter^  In  case  of 
mixtures  of  grasses,  or  grasses  and  clovers,  the  yields  for  1897 
represent  only  those  grasses  in  each  mixture  which  are  shown  to 
have  been  hardy  in  the  plots  in  which  they  were  grown  sep- 
arately. 

Many  plots  were  plowed  up  in  the  summer  of  1896  because 
no  stand  had  been  secured.  Others  in  which  the  plants  had  died 
in  the  severe  winter  of  1896-97,  were  plowed  in  the  spring 
of  1897.  These  were  planted  in  the  spring  of  1897  to  the  crops 
entered  in  colimm  5.  In  column  6  are  given  yields  for  1898, 
and  in  column  7  are  g^ven  the  dates  in  spring  when  the  various 
plots  first  had  herbage  sufficiently  large  for  pasturage.  The  re- 
sults g^ven  in  this  table  are  characteristic  of  plot  tests  of  grasses 
at  University  Farm  and  at  various  other  experiment  stations  in 
the  prairie  west.  The  really  valuable  meadow  and  pasture  plants 
are  unfortunately  few  in  number.  Bromus  inermis  is  really  the 
only  new  grass  the  merits  of  which  have  been  proven. 
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TABLBOXUX.  Qri 


-    Variettos  and  XixturM  for  1896-7^. 
OotMtu  Farm. 


u 

Grasses  Sown  in 

Tons 
yield  per 

Tons 
yield  per 

Grasses  Sown  is 

Tons 
yield  per 

Ready 

for 

pasture 

SZ 

SpHnff,  1896. 

acre. 
1896 

acre. 
1897 

Spring  of  1897. 

acre. 
1898 

<TT 

(2) 

(3) 

('i) 

(6) 

(6) 

(T) 

1 

Bromns  Inermis  and 

clover  12  in.  drills 

1.20 

3.2 

MaylS 

2 

Red    clo.  &  orchard 

plowed 

3 

Rrass  24  in.  drills 

Red  clo.  &  orchard 

Srrass  12  in.  drills 

np 
plowed 
up 

Native  ryegrass  2Cnb 
Summer    Fallowed... 

2.8 

Juncl 

4 

Red  clo  &  tim  drills 
24  in.  apart 

2.13 

A 

Red  clo  &  tim  driMs 

12  in.  apart 

1.62 

«(                 <« 

Timothy   6  lbs.,  red 

plowed 

clover  4  lbs 

Bromus  10  lbs.,  Ky. 

«    Sacaline 

np 

Blue  Grass  10  lbs. 

1.78 

Junel 

Timothy  7  lbs.,  Red 

7 

Lathyms  sylvestris 
Alfalfa  20n> 

plowed 
up 

poor 
stand 
2.72 

clover  5  lbs 

1.64 

Bromus  20  lbs 

Jnne4 

8 

Summer  fallowed 

9 

*•    3om 

pattur'd 

1.39 

10 

Red  clo.  24  in.  drills 

poor 
stand 

Bromus  201b 

1.97 

June  4 

Red  clover  61b 

Tim.  8tb  red  clo.  31b 

11 

12         •• 

** 

Mam.  clo.  31b 

1.98 

<•    «< 

12 

Tim.  81t)  Red  clo.   6 
lb  Broadcast 

M 

Summer  fallowed 

13 

Tim.  Sm  Red  top  6tb 

Red  clover  31b 

1.45 

0  .84 

May  26 

14 

Tim.  81b  Red  clo.3lb 

crimson  clo.  31b 

1.68 

1.00 

16 

Bromns  Inermis 

2.32 

0.91 

f  2601b  1 

16 

Br.  Inermis  lOlb  Or- 

{    per 

May  25 

chard  srrass  141b 

1.88 

.80 

t   acre  J 

17 

Orchard    grass  201b 
Red  clover  41b.... 
White  clover  31b 

2.48 

Summer  fallowed 

18 

Tim.  61b.    Ky.   Bine 

Grass  31b  Alsike  dlb 

2.17 

1.10 

1.98 

June  5 

19 

TimSlb  red  clo  8lb 

mammoth  clo  31b.. 

2.52 

Tim.  81b.  red  clo.  5tb 

2.45 

*•    1 

20 

Tim.  ftlb  red  clo.  31b 

Alsike  81b 

Tim.  81b  red  clo  6lb 

2.65 

Timothy 

2.29 

May  28 

21 

Ky.  Blue  Grass  121b. 

1.87 

Meadow  Fescue  201b 

2.36 

"     26 

22 

Orchard  grass  141b 

Red  top  81b 

1.97 

*<            44 

93 

Tim  51b  red  clo.   31b 

Alsike  V^lb 

1.80 

Orchard  grass  20  lb.. 

2.47 

•<     «< 

24 

Bromus    15lb  white 

clo.Hlb 

Ky  Bine  Grass  71b  Al- 

fair 

sike  V&1t> 

stand 
poor 
stand 

Bromt:8  Inermis  261b 
Alsike  clover  41b 

3.43 

•*      16 
June  6 

26 

Tall  oat  grass  281b.. 

1.96 

26 

Meadow  foxtail 24n) 
Timothy  lllb 

<< 
1.34 

1.46 

Red  clover  71b 

2.02 

**    1 

27 

May  20 

June  10 

28 

Crimson  clover 

no  stand 

Mammoth  clover  71b 

2.27 

29 

••  81b 

*• 

White  clover  31b 

••     16 

SO 

White  clover  .*Jlb 

pastured 

Summer  fallowed 

81 

Alsike    •'        41b 

fair 

.. 

32 

Mammoth  clover  .... 

stand 

<(                                 M 

83 

Red  clover  8Tb 

0.82 

poor 

Alfalfa  261b 

1.18 

34 

Fowl  meadow  grass 

May  15 

20tb 

stand 

86 

Ky.  Blue  Grass  dOlb. 

1.17 

1.30 

««    «i 

86 

Red  top  12lb 

2,02 
poor 

1.13 

Red  clo.  51b  Tim.  61b 

1.86 

••     23 

87 

Orchard  grass 

stand 
1.27 

1.00 

Ky.  Blue  Grass  201b 

1.42 

June  1 

88 

Timothy  lllb 

May  28 
'*    25 

89 

8yr  old  Timothy  sod 

10  yr.  old  tim.  sod... 

"liHo" 

40 

8  yr  old  red  clover  & 
tim.  sod 

2.00 

Diaitiz 

ed  bvV^jC 

)OQle 
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ANNUAL   PASTURE   CROPS   FOR   STEERS. 

Table  CL.  gives  data  of  several  preliminary  experiments 
in  pasturing  annual  crops  at  Coteau  Farm  in  1896.  The  rda- 
tive  yields  of  the  several  crops  are  surprising.  Such  crops  as 
sorghum,  oats,  pats  and  rape,  and  the  non-saccharine  sorghums 
which  sprout  up  from  the  crown  and  make  a  second  growth  of 
pasturage  support  steers  longer  than  field  peas  or  fidd  com, 
which  do  not  again  sprout  up  when  eaten  off.  These  figures 
are  not  given  as  averages.  Other  facts,  such  as  the  value  of 
each  crop  in  preparing  soil  for  succeeding  crops,  in  adding  nitro- 
gen to  worn  soils,  cheapness  of  seeding,  etc.,  are  left  for  a  future 
report.  Rapid  progress  is  being  made  in  learning  how  to  make 
and  use  pastures  for  the  two  very  important  purposes  of  feed- 
ing animals  and  preparing  the  land  for  grain  and  other  crops. 


TABLBOL.— Annual  Pasture  Crops  for  Oattle. 

Ootean  Farm  1890. 

No. 

of 

steers 

sise  of  plot 

in 

rods 

Days  pastured 

Total  dars 
pastured 
on  plot 

Dajs  one 

Crops 

1st 
time 

2nd 
time 

acre  would 
keep  one  steer 

Amber  Cane 

2 

18X9H 

88 

19 

52 

97 

Field  Com 

6%x9V^ 

20 

20 

59 

Brown  Dhoura 

3x?*H 

7 

6 

13 

80 

Jemsalem  Com 

3x9H 

7 

6 

18 

80 

Oats 

3x7% 

7 

8 

16 

106 

Peas 

8x9^1 

7 

1 

8 

45 

Millet* 

Sx9H 

10 

6 

16 

90 

Oats  and  Rape 

3x9H 

7 

7 

14 

80 

Oats  and  Peas 

8x7% 

7 

2 

9 

64 

At  Coteau  Farm  a  special  effort  is  being  made  to  deter- 
mine the  relative  values  of  the  different  annual  and  rotation  pas- 
tures or  forage  crops  and  prepare  the  land  for  grain  and  other 
crops  which  follow  the  pasture. 

NoTB. — Much  effort  has  been  expended  at  UniversitT  Farm  and  at  the  sub-ex- 
periment farms  to  devise  methods  ot  experimentation  foe  KtAnlng  a  better  knowl- 
edge of  field  management  in  Minnesota.  Much  trouble  has  been  met  in  derisiag  a 
wa J  of  measuring  the  values  of  pasturage.  Mere  dry  matter  determinations  of 
pasturage  crops  are  useful,  but  to  secure  the  value  per  acre  of  pasturage  of  various 
crops  and  pasture  mixtures  it  must  be  fed  in  the  natural  way.  To  secnre  a  knowl- 
edge of  the  value  to  succeeding  crops  from  the  rotation  pasture,  the  pasturing 
must  be  done  in  the  ordinary  way  in  the  rotation.  Numerous  methods  have  been 
tried  with  sheep,  with  cattle  tethered,  and  catt'e  enclosed  in  fences.  After  mncfa 
failure  and  some  success  a  good  working  plan  has  been  derised  and  is  now  la  oper^ 
ation  on  many  plots,— rather  large  plots,  one-third  acre  to  one  acre, or  even  larger* 
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rig.  266. -Sheep  \ 


beep  paattiriofi;  on  field  peat.  On  the  left  is  t 
manure.  The^  plots  are  under  trial  comparing:  pasturing 
methods  of  preparfng  the  land  for  wheat. 


the  plot  of  peat  for  jfre^n 
and  green  manuring  as 


ANNUAL  PASTURE  CROPS  FOR  SHEEP. 

In  Table  CLL,  p.  641,  are  recorded  the  results  of  pasturing 
sheep  at  Coteau  Farm  in  1898  on  plots  planted  to  a  succession  of 
annual  pasture  crops.     These  crops  were  sown,  primarily,  to  study 

excepting  where  plots  laid  out  in  rotation  experiments  jears  ago  are  smaller; 
In  no  case,  however,  less  than  one  tenth  of  an  acre  in  area.    These  plots  are  rectan- 

fular,  nsuallT  two  or  three  times  as  long  as  broad.  Permanent  wire  fences  are 
uilt  along  the  edges  of  the  plots,  while  temporary  fences  are  strung  across  the 
«nds.  These  portable  end  fences  are  removed  to  allow  the  team  to  turn  in  the  six- 
teen foot  allejs  separating  the  series  when  plowing  or  planting  the  plots,  and  they 
may  be  taken  from  plot  to  plot  as  the  cattle  are  removed  from  place  to  place. 
Thrifty  grade  beef  steers  weighing  about  800  lbs.  are  chosen  for  these  experiments. 
They  are  led  to  the  bamyardror  water  or  water  is  drawn  to  them,  as  convenience 
dictates.  If  there  is  not  sufficient  pasturage  in  the  experiment  plots  the  cattle  are 
turned  into  the  general  pasture  till  other  plots  are  ready.  The  steers  are  weighed 
frequently,  but  unless  the  plots  are  large  and  the  pasturing  period  long  the  gain 
in  weight  is  not  used  as  a  measure  of  the  food  supplied  by  the  pasture.  The  weifzhts 
are  taken  for  a  few  days  when  the  steers  are  placed  on  each  pasture,  and  again 
when  taken  off  so  as  to  have  a  record  of  how  each  pasture  wasrrlished  and  caused 
the  animal  to  thrive.  Later  on  these  pasture  crops,  "pasture  mixtures"  and  succes- 
sion of  pasture  crops  which  have  proved  best  will  be  tested  and  compared  on  a 
larger  scale,  with  longer  feeding  periods,  that  their  relative  feeding  value  mav  be 
accurately  determined.  At  present  the  different  crops  are  compared  by  determin- 
ing the  number  of  days  one  acre  nt  each  will  support  a  1.000  lb.  steer.  A  sample 
ofeach  pastnrelot  istakenatthetimeof  tuminir  the  cattle  on  and  tbe  dry  matter  de- 
termined, that  a  record  of  the  yield  of  dry  matter  per  acre  may  be  recorded  and  Its 
value  calculated  by  uslnjr  standard  analyses  of  the  given  crop  at  that  age.  There 
methods  are  being  annually  improved  upon,  and  promise  to  be  of  great  use  in  the 
extensive  experiments  the  Minnesota  Station  has  under  way  at  Us  several  experi- 
tnent  farms. 
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their  effect  on  the  amount  of  moisture  and  fertility  left  in  the  soil 
for  the  crop  of  wheat  following.  The  value  of  pasturing  the 
land  in  this  manner,  as  compared  with  growing  other  crops  for 
the  purpose  of  plowing  them  under  as  green  manure,  as  shown 
by  the  yield  of  the  succeeding  crop  of  wheat,  was  also  under 
experiment.  The  table  shows  the  large  number  of  sheep  kept 
per  acre  by  each  crop,  and  the  superiority  of  the  succession  of 
crops  in  Plot  12.  The  plots  were  all  in  duplicate.  Care  was 
taken  to  plant  all  crops  sown  in  summer  rather  deep  with  a 
shoe  drill. 


i^t.isJ^ 


Fig.  266.  —Plowing:  under  field  peaa  as  i^reen  manure  on  plot  beside 
plot  which  was  planted  to  similar  crop  and  pastured. 


Winter  rj^e  makes  a  good  crop  of  very  early  pasturage 
Peas  sown  late  in  the  season  do  not  thrive  in  our  dry,  hot  sum- 
mers,, while  corn,  for  the  second  planting,  makes  a  large  yidd 
of  sheep  pasturage.    Three,  or  even  two,  annual  pasture  crops 
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TABLE  OLI.~She«p  Fastniing'  on  Buxnmer  Forage  Crops. 
Ooteau  Farm,  1898. 


6' 
z 

Crop 

Date 
Pastured 

No.  of 
Sheep 

Sise  of 
Plot 

Days 
Pas- 
tured 

Days 
one 

Acre 
would 

keep 

one 
Sheep 

Summar- 
ies for  each 
Plot. 

Average 
ofb«tb 
Plots. 

o 

Days  one 

Acre 
would  feed 
one  Sheep. 

Days  one 

Acre 
would  feed 
one  Sheep. 

12 

Winter  Rye- 
Corn 

Rapf.  ..'. 

May  25 
July  14 
Sept.  15 
June  15 
Aug.  10 
Oct.  6 

30 
30 

Vio  Acre 

Mo  Acre 
«« 
«< 

2 

3 

1% 

2 

1V4 

1 

600 

900 

45oJ 

600^ 

450 1 

30oJ 

1960 
1350 

rpeas 

1660 

13 

Peas 

Rape 

Note. — This   table  shows  the  number  of  days  one  ac\rt   will  feed  one  sheep 
with  the  two  systems  of  cropping  to  annual  pastures. 


Fig.  267.— Seeding  pasture  and  green  manured  plots  to  rape— the  third  crop 
of  the  season. 


grown  in  one  season,  requiring  that  the  land  be  plowed  two 
or  three  times,  cleaned  the  land  of  wild  roses  and  many  other 
weeds.     The  land  was  made  more  fertile,  and  in  spite  of  the  fact 
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that  these  leafy  crops  drew  large  quantities  of  water  from  the 
soil  it  is  believed  that  the  increased  absorbing  power  of  the 
soil  caused  more  water  to  be  conserved  for  the  crop  of  wheat 
the  next  year.  .Experiments  started  from  suggestions  arising 
from  this  experiment,  and  running  through  a  series  of  years,  are 
now  under  way  at  Coteau  Farm. 

NoTB.— The  method  of  teatinff  pasttires  bj  means  of  sheep  is  similar  to  that 
used  in  testing:  pasture  crops  with  steers.  Plots  one-third  acre  in  area,  or  larger! 
are  nsed  and  permanent  fences  bnilt  or  hurdles  are  used.  TeaHinj:  ,ewes  from 
Snpt.  GregsT's  larse  flock  of  sheep  are  used.  This  avoids  the  nse  of  a  ilock  of  mixed 
ewes  and  lambs  and  gives  lots  of  growinjr  animals  whose  thrift  will  record  the 
nutritire  qualities  of  the  pasturage.  The  dry  matter  per  acre  and  the  number  of 
sheep  each  crop  will  sustain  for  one  daj  each  time  pastured,  as  well  as  the  genera, 
^ains  of  the  sheep,  are  recorded. 
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A  series  of  plots  planted  to  forest  trees  at  Coteau  Farm  in 
the  spring  of  1894  now  present  a  most  attractive  appearance 
and  have  already  encouraged  many  visitors  to  take  courage  in 
growing  shelter  belts  in  Southwestern  Minnesota.  This  series 
of  plots  is  on  a  north  slope,  north  of  an  old  cottonwood  grove 
now  containing  only  scattering  trees. 

A  double-row  willow  hedge  fifteen  years  old  protects  the  new 
plantation  on  the  south  and  west,  and  a  new  double-row  hedge 
of  willows  was  planted  on  its  north  border. 

The  protection  afforded  by  the  willows  has  made  it  possible 
to  grow  some  deciduous  and  evergreen  trees  here  which  failed 
when  planted  in  an  exposed  place  southwest  of  the  farmstead. 
The  drying  southwest  winds  of  early  spring  and  the  cold  dry- 
ing winds  of  early  winter  when  the  soil  is  not  yet  covered  with 
snow  are  very  trying  on  many  trees,  while  willows  endure  these 
severe  conditions  and  may  be  grown  to  shelter  those  which  must 
be  planted  where  they  have  some  protection.  A  second  element 
in  the  successful  growth  of  this  forest  belt  of  mixed  planting  has 
been  constant  summer  cultivation  among  the  trees.  The  rows 
were  planted  several  feet  apart  and  the  cultivation  with  horse 
and  hand  hoes  has  been  so  thorough  as  to  always  have  a  dust 
blanket  and  to  keep  all  weeds  from  growing.  This  has  avoided 
loss  of  moisture  through  weeds  and  through  the  surface  of  the 
soil,  conserving  nearly  all  the  rainfall  for  the  use  of  the  trees. 
The  growth  in  five  years  has  been  so  rapid  that  visitors  are  al- 
ways surprised  that  such  a  large  windbreak  can  be  produced  in 
so  short  a  time. 
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SHELTER  BELTS  AT  COTEAU  FARM.  645 

The  more  intelligent  farmers  who  visit  this  forest  see  the  cause 
of  its  great  success  and  go  away  with  the  mental  attitude 
of  "let  us  go  and  do  likewise."  There  are  already  signs  of  re- 
newed forest  interest  in  this  section  and  several  thousand  willow 
cuttings  have  been  distributed  from  Coteau  Farm.  The  fruit 
trees,  especially  the  plums,  are  yielding  immense  quantities  of 
large,  luscious  fruits  in  the  forest,  while  the  same  varieties 
near  by,  but  less  protected,  give  smaller  yields  of  poorer 
quality.  It  does  not  take  a  lifetime  to  grow  a  protection.  The 
four-year-old  willow  hedge  already  stands  fifteen  feet  high,  and 
willow  cuttings  are  so  easily  put  in  the  soil  and  so  easily  cared 
for  with  a  horse  cultivator  that  there  is  but  little  excuse  for  a 
man  to  spend  his  life  farming  on  the  wind-swept  prairies  without 
a  beautiful  gjove  about  his  home.  Intercourse  with  farmers 
who  had  spent  much  money  and  energy  trying  to  get  trees  to 
grow,  only  to  meet  with  failure,  revealed  the  fact  that  they 
had  not  recognized  the  necessity  of  growing  a  protective  hedge 
of  willows  or  some  equally  quick  growing  trees,  and  had  neg- 
lected to  prepare  the  land  well  and  properly  and  to  cultivate 
the  young  trees. 

To  Supt.  O.  C.  Gregg  is  due  the  credit  of  emphasizing  the 
necessity  of  a  protective  hedge  of  quick  growing  trees  like  the 
willows  and  the  caragana  within  which  to  plant  the  slower 
growing  deciduous  trees  and  the  evergreens;  also  the  need  of 
thorough  cultivation.  To  Prof.  Green  is  due  the  selection  of  the 
varieties,  and  to  Prof.  Hays  the  arrangement  of  a  system  of 
plots  with  a  view  to  determining  the  mixtures  that  give  the 
best  possible  forest  conditions  of  a  shelter  bcH. 
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646  SUMMARY  AND  PRACTICAL  NOTES. 

SUMMARY   AND  PRACTICAL   NOTES  ON   COTEAU 
FARM  EXPERIMENTS. 

1.  The  roots  of  field  crops  are  much  longer,  spread 
farther,  and  penetrate  deeper  than  is  generally  believed, 
being  four  to  six  feet  long,  or  longer. 

2.  How  the  water  is  absorbed  by  the  soil,  how  it 
moves  about  in  the  soil,  how  it  is  evaporated  from  the  sur- 
face, and  how  it  is  removed  from  the  soil  by  growing  crops, 
are  illustrated. 

3.  Decajing  plant  substances  mixed  into  the  soil  enable 
it  to  hold  more  water,  and  aid  crops  to  better  endure  both 
drought  and  excessive  rainfall. 

4.  Prof.  Milton  Whitney's  electrical  device  for  daily 
recording  the  moisture  of  soils  was  most  satisfactory, 
greatly  aiding  in  studying  field  management. 

5.  Practical  methods  of  recording  the  value  of  pastures 
in  using  steers  and  sheep  on  experiment  plots  are  reported. 

6.  That  crops  remove  a  very  large  amount  of  water 
from  the  soil  is  demonstrated  in  the  field;  wheat  removing 
523  tons  per  acre  from  the  upper  two  feet  of  soil,  or  261 
pounds  for  each  pound  of  dry  matter  of  crop  grown. 

7.  Weeds  in  a  dry  country  waste  enormous  quantities 
of  water,  each  pound  of  weeds  reducing  the  growth  of  com 
by  two  pounds.  Clean  farming  conserves  moisture  for  the 
useful  plants,  and  useful  plants  produce  more  bulk  as  well 
as  more  value  from  a  given  amount  of  available  moisture. 

8.  Subsurface  packing  in  fall  and  in  spring-plowed  land 
had  little  effect  in  conserving  soil  moisture  in  or  below  the 
furrow  slice,  added  only  two-tenths  of  a  bushel  per  acre  to 
the  yield  of  wheat  in  ten  trials,  and  was  not  financially 
profitable. 

9.  Subsoiling  probably  increases  the  amount  of  water 
in  the  deeper  subsoil,  but  decreases  it  in  the  furrow  slice  and 
upper  zone  of  subsoil,  thus  often  lessening  the  yields  of 
grains,  cultivated  crops  and  root  crops,  in  a  drouthy  country. 
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10.  Sowing  wheat  or  other  spring  grain  on  tinplowed 
stubble  land  results  in  lessened  yields,  because  the  compact 
soil  does  not  conserve  moisture  as  well  as  the  plowed  fur- 
row slice,  and  because  more  weeds  grow,  using  moisture, 
plant  food  and  room. 

11.  Plowing  opens  the  surface  of  the  ground  so  that 
rainwater  can  more  readily  enter;  and  the  furrow  slice  in  a 
dry  climate,  being  loose  and  open,  forms  a  most  eflfectire 
dirt  mulch,  retarding  the  flow  of  water  to  the  surface,  thus 
lessening  evaporation  and  the  waste  of  soil  moisture. 

12.  Drilled  grain  usually  yields  better  than  broadcasted 
grain,  and  the  shoe  drill  and  disk  drill  have  now  been  so 
perfected  that  they  are  adapted  to  nearly  all  conditions ;  the 
former  probably  being  preferable  in  regions  where  the  seed 
bed  is  free  of  corn  stalks,  the  latter  on  farms  where  grains 
follow  com. 

13.  Wheat  drilled  about  one-half  bushel  per  acre  in 
drills  14  and  18  inches  apart,  and  cultivated,  did  not  yield 
so  well  as  wheat  planted  IM  bushels  per  acre  in  drills  seven 
inches  apart  and  not  cultivated. 

14.  ^  Ten  tons  per  acre  of  stable  manure  increased  the 
yield  of  wheat  at  Coteau  Farm  four  bushels  per  acre,  but 
decreased  the  moisture  in  the  furrow  slice  the  first  year,  in- 
creasing it  the  second  year  for  the  succeeding  crop.  Decay- 
ing vegetable  matter  has  a  peculiar  value  in  droughty  soils. 

15.  Surface  cultivation  between  the  rows  conserves  the 
moisture  mainly  by  preventing  the  growth  of  weeds  and 
their  use  of  water;  also  by  serving  as  a  loose  mulch  of  soil 
through  which  the  capillary  water  cannot  readily  rise  to 
be  in  contact  with  the  moving  air  and  be  evaporated. 

16.  A  mulch  of  straw  or  other  material  two  to  five 
inches  thick— thickness  advised  in  proportion  to  coarseness — 
allows  the  water  of  an  ordinary  rain  to  easily  flow  through 
it  into  the  soil,  but  serves  as  a  barrier  to  evaporation. 

17.  Mulching  will  not  take  the  place  of  cultivation,  but 
will  supplement  it ;  as  around  trees  which  have  been  culti- 
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vated  until  several  years  old,  and  among  strawberries  and 
small  shrubs  cultivated  until  mdsummer  and  mulched  the 
remainderof  the  season. 

18.  Soil  moisture  is  conserved  by  plowing,  which 
^oosens  the  soil  to  the  depth  of  several  inches ;  by  cultiva- 
ting between  the  rows,  which  keeps  loose  the  upper  two 
inches  of  soil ;  by  ijnulching  which  allows  the  rain  to  pene- 
trate the  soil  but  not  leave  it;  and  by  having  the  plowed 
furrow  slice  cleanly  fallow  all  or  part  of  the  year,  thus 
avoiding  the  draft  of  growing  plants  on  the  soil  moisture. 
It  is  dissipated  by  growing  crops  which  pump  into  the  air 
enormous  amounts  of  water;  by  weeds  which  are  pernic- 
iously active  pumps  in  proportion  to  the  useless  growth  they 
make,  and  by  leaving  the  soil  compact,  allowing  capillary 
water  to  rise  to  the  surface  there  to  evaporate.  Soil  water 
is  precious  in  a  droughty  location  and  weeds  are  the  poor 
farmers  most  expensive  **lazy  man's  luxury." 

19.  Timothy,  seven  pounds;  red  clover,  six  pounds; 
and  brome  grass,  four  pounds,  is  the  empirical  formula  now 
chosen  for  grass  to  lie  two  to  three  years  in  the  rotation  in 
southwestern  Minnesota;  while  to  lie  three  to  five  years  the 
following  is  chosen:  Timothy,  seven  pounds;  red  clover, 
six  pounds;  brome  grass,  ten  pounds.  But  the  shorter 
rotation  is  preferred,  oftener  using  grass  to  prepare  the  land 
for  other  crops  and  securing  the  best  crops  of  forage  while 
the  grass  sod  is  young. 

20.  For  rough,  untillable  lands  the  following  mixture 
is  recommended  for  permanent  pasture :  Red  clover,  three 
pounds;  white  clover,  one  pound;  timothy,  five  pounds; 
brome  grass,  four  pounds;  Kentucky  blue  grass,  four 
pounds.  On  pastures  with  sod  of  native  grass,  sow  only 
half  the  full  amount.  Keep  all  coarse  weeds  mowed  down 
in  all  pastures,  as  they  waste  moisture.  Where  practicable, 
every  other  year  tear  the  sod  with  a  disk  in  early  spring  and 
sow  a  mixture  of  four  pounds  red  clover,  one  pound  white 
clover  and  four  pounds  timothy ;  or,  instead  of  first  disking. 
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seed  with  disk  drill,  mixing  grass  seed  with  two  pecks  oats 
per  acre  to  make  the  grass  seed  run  evenly  out  of  the  seed 
box  and  to  furnish  oat  pasturage. 

21.  For  peaty  and  low  lands  desired  for  continuous 
meadows  the  following  mixture  is  suggested:  Timothy, 
seven  pounds;  alsike  clover,  two  pounds;  red  clover,  two 
pounds;  and, where  wet,  also,  red  top  (solid  seed),  three 
pounds  per  acre.  These  lands  pay  best  if  well  drained  and 
used  for  crops  in  rotation.  Where  this  is  not  practicable, 
sow  with  disk  drill  every  other  year  among  the  grass  the 
following:  Red  clover,  three  pounds;  alsike,  two  pounds,— 
smoothing  the  land  with  the  harrow  after  the  drill,  if  neces- 
sary. If  blue  grass  gets  a  hold  in  the  hay  land,  plow  after 
haying,  raise  one  or  two  crops,  as  of  fodder  com,  then  a 
crop  of  flax  or  grain  with  which  to  again  seed  the  land, 
leaving  the  sod  only  as  long  as  it  yields  heavily. 

22.  Preliminary  experiments  showed  that  a  succession 
of  annual  pastures  fed  off  by  steers  was  most  valuable  to 
provide  succulent  food  for  cattle,  especially  in  midsummer 
when  the  wild  pastures  and  those  in  rotation  with  other 
crops  are  dry;  and  this  treatment  of  the  land  provided  un- 
tisually  good  conditions  for  the  succeeding  crop.  After  much 
experimenting  a  thoroughly  practical  method  of  conducting 
these  pasture  experiments  has  been  devised  and  is  being  used 
at  the  several  experiment  farms. 

23.  The  following  plans  for  supplementing  the  rotation 
and  permanent  pasture  for  sheep  give  a  good  supply  of  foods 
•very  early;  during  the  dry  midsummer;  and  again  very  late 
in  the  fall:  (a)  Winter  rye.  followed  by  com  drilled  60 
pounds  per  acre  and  cultivated,  pastured  at  two  feet  high, 
and,  where  practicable,  followed  with  rape,  (b)  Winter  rye, 
followed  by  rape,  1  to  IVa  pounds  per  acre,  in  drills  and 
cultivated,  (c)  Winter  rye,  followed  by  sorghum  drilled  at 
the  rate  of  20  pounds  per  acre,  cultivated  until  two  feet 
high,  and  fed  off;  allowed  to  sprout  up  a  second  time  and 
again  fed  off.    (d)  Oats  and  peas  sowed  very  early,  1%  bus. 
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each  per  acre,  aod  fed  off  from  the  time  of  heading  until 
ripening,  leave  land  fallow  for  the  succeeding  crop.  This 
adds  nitrogen  and  humus  to  the  soil  and  conserves  the 
rainfall  of  autumn  for  the  succeeding  crop,  (e)  Utilize  any 
crops  rendered  very  poor  (as  by  hail  or  drought),  by  pas- 
turing to  sheep  before  plowing;  thus  aiding  the  sheep  to  do 
well  in  midsummer  and  securing  finer  conditions  of  soil  for 
the  succeeding  crop  than  by  harvesting  a  profitless,  weedy 
crop,  and  thus,  by  allowing  weed  seeds  to  ripen,  placing  a 
heavy  natural  mortgage  on  the  next  year's  yields. 

The  lack  of  faith  in  sheep  among  the  farmers  of  the 
middle  west,  as  shown  by  the  small  numbers  kept,  is  not 
fully  justified.  These  animals,  by  ridding  the  farm  of  weeds 
which  would  consume  immense  quantities  of  water,  and  by 
requiring  cultivated  pasture  crops  and  rotation  pasture 
and  meadow  crops,  do  a  great  service  in  preparing  the  soil 
for  crops  of  grain  and  forage,  for  which  they  have  been 
given  only  partial  credit.  All  classes  of  live  stock  are  mighty 
factors  in  field  management,  lessening  weeds  and  greatly 
increasing  the  yields  of  all  crops.  Sheep  are  easily  chietest  of 
all  classes  of  stock  as  aids  in  the  eradication  of  weeds,  in 
conserving  soil  moisture,  and  in  building  up  the  fertility  of 
the  soils  in  our  fields. 

24.  That  shelter  belts  can  be  grown  more  rapidly,  more 
easily,  and  of  far  greater  utility  and  beauty  than  most 
people  living  in  south-western  Minnesota  believe,  is  ad- 
mitted by  every  one  who  inspects  the  experiments  in  grove- 
making  at  Coteau  Farm. 

25.  A  new  series  of  plot  experiments  dealing  with  many 
of  the  questions  mentioned  above  is  under  way.  The  main 
effort  is  to  find  which  crops  best  prepare  the  land  for  each  other 
crop,  so  as  to  determine  in  what  order  of  succession  the  best 
paying  crops  should  follow  in  the  rotation,  and  what  com- 
binations of  crops  best  serve  the  farmer  with  given  condi 
ditiona  of  climate,  soil,  stock,  labor,  etc.  Mr.  Gregg  is 
dividing  his  large  farm  by  permanent  fences  into  15  or  more 
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fields,  and  a  plan  for  farming  each  of  these  is  nearly  com- 
pleted. The  main  products  are  sheep  pasturage;  grain  for 
feed  4nd  sale ;  and  cured  roughage  for  a  large  flock  of  sheep 
and  for  a  herd  of  dairy  cows. 
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The  Northwest  Experiment  Farm  of  the  University  of 
Minnesota  was  provided  for  by  the  legislature  of  1895.  The 
site  was  chosen  by  the  agricultural  committee  of  the  board  of 
regents,  and  Prof.  Hays,  who  had  made  a  study  of  the  agri- 
cultural conditions  of  the  northern  half  of  the  sts^e.  This  farm 
is  located  a  mile  north  of  Crookston,  and  consists  of  480  acres 
of  nearly  level  land,  similar  to  much  of  the  land  of  the  valley 
of  the  Red  River  of  the  North.  The  farm  was  donated  to  the 
Experiment  Station  for  experimental  purposes  by  President 
J.  J.  Hill,  of  the  Great  Northern  Railroad.  The  city  of 
Crookston  and  the  county  of  Polk  added  to  tfiis  magnificent 
gift  the  sum  of  $2,000,  to  aid  in  draining  and  developing  the 
farm,  most  of  which  was  flat  and  subject  to  flooding  by  water 
from  adjoining  lands.  The  board  of  regents  apprpved  of  the 
selection,  and  in  June,  1895,  the  state  acquired  title  to  the  prop- 
erty, and  work  was  beg^n  early  in  July.  Mr.  T.  A.  Hoverstad,  a 
graduate  of  the  School  and  College  of  Agriculture,  was  placed 
in  charge  of  the  work. 

The  only  cultivated  land  in  the  tract  was  about  fifty  acres, 
which  had  been  broken,  cropped  and  filled  with  mustard  and 
other  weeds  by  trespassers.  More  land,  aggregating  at  pres- 
ent 300  acres,  was  broken,  pastures  were  fenced,  roads  and  drains 
were  made,  buildings  erected,  and  a  fair  amount  of  modem 
farm  machinery  was  secured,  in  part  by  donation  from  manu- 
facturers. 

In  the  spring  of  1896  the  rainfall  was  so  constant  and  ex- 
cessive that  the  season  for  planting  grain  crops  had  practically 
passed  before  the  seed  could  be  planted.  The  experiments  with 
varieties  of  field  crops,  with  methods  of  cultivation,  and  wiA 
the  forestry  and  horticultural  crops  were  sadly  interfered  with 
by  this  excessive  rainfall.       On  the  other  hand,  the  g^sscs 
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and  clovers  which  were  planted  to  produce  pastures  and  meadowy 
made  most  excellent  growth,  demonstrating  that  in  seasons  toa 
wet  for  grain  the  grasses  for  live  stock  food  will  thrive.  The 
fact  that  diversified  farming  results  in  some  good  crops  dur- 
ing the  years  which  may  prove  entirely  disastrous  to  the  grain 
farmer  was  demonstrated  by  the  adverse  conditions. 

The  wet  springtime  likewise  proved  disastrous  to  part  of 
the  horticultural  and  forestry  plantations.  In  1897  the  fields 
were  in  fine  condition,  the  absence  of  crops  the  previous  sea- 
son having  resulted  in  much  of  the  land  being  summer  fallowed. 
All  crops  were  successfully  grown  until  nearly  time  for  grain 
harvest,  when  excessive  summer  rains  nearly  ruined  the  wheat 
and  oats.  These  moist  years  gave  excellent  conditions  for 
grass  and  other  forage  crops,  and  good  stands  of  experimental 
meadow  and  pasturage,  so  successfully  started  the  previous  year, 
made  fine  yields  of  forage,  as  shown  by  the  reports  embodied 
in  this  bulletin  prepared  by  Superintendent  Hoverstad. 

To  the  other  disasters  was  added  the  destruction  by  fire, 
caused  by  lightning,  of  the  barn^  with  several  horses  and  a 
larger  part  of  the  collection  of  farm  tools  and  conveyances, 
the  total  loss  being  about  $6,000.  Plans  somewhat  similar  to 
those  used  in  building  the  first  barn  were  quickly  made,  and  a 
new  barn  was  constructed  for  the  $3,000  received  from  the 
St.  Paul  Fire  &  Marine  Insurance  Company  on  the  one  de- 
stroyed. 

The  experimental  results  for  1897  were  better  than  those 
for  1896,  but  between  the  rain  and  the  fire  their  value  was 
greatly  lessened.  The  forestry  and  garden  trials  were  satis- 
factory, aod  the  crops  of  hay,  pasturage,  etc.,  were  excellent.  In 
1898  and  1899  the  farm  was  more  prosperous  than  in  previous 
years,  and  the  work  is  now  at  least  fairly  inaugurated. 

In  co-operation  with  Prof.  Hays,  Superintendent  Hoverstad 
is  experimenting  with  crop  rotations  and  methods  of  fartn 
management,  testing  varieties  of  wheat,  oats,  barley,  flax  and 
glasses.  He  is  becoming  acquainted  with  the  people  of  the 
northwestern  part  of  the  state,  who  are  alive  to  new  methods, 
a 
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and  has  beer,  in  demand  for  addresses.  He  has  also  written  sev- 
eral articles  for  the  press  on  Red  River  Valley  fartning.  His 
experiments  relating  to  the  protection  of  the  farm  home  by 
forests,  how  to  grow  vegetables  and  small  fruits,  how  to  manage 
stock, — all  under  the  conditions  of  the  wind-swept,  level  prairies 
of  the  Red  River  Valley, — ^are  making  him  a  valuable  teacher 
of  farm  operations. 

More  money  is  needed  for  buildings,  drainage,  fencing  and 
good  specimens  of  live  stock,  and  especially  to  pay  for  experi- 
ments in  the  fields.  While  there  is  an  income  from  the  sale 
of  farm  products,  this  cannot  be  sufficient  to  carry  on  experi- 
ments which  ought  to  be  undertaken  in  the  interest  of  the  farm- 
ers of  the  Red  River  Valley.  Farin  experimentation,  like  the 
invention  and  perfection  of  machinery,  requires  money  to  pay 
for  things  which  prove  failures  as  well  as  for  those  that  prove 
of  value. 

Mr.  Hoverstad  is  anxious  to  be  in  communication  and  close 
touch  with  those  who  are  in  need  of  assistance  in  their  agricul- 
tural pursuits.  Better  service  can  be  rendered  to  those  for 
whose  benefit  the  station  was  established,  and  it  will  also  be  help- 
ful in  planning  experiments.  The  closer  the  union  between  the 
farmer  and  the  Experiment  Farm,  the  more  valuable  work  will 
be  done.  Visits  to  the  farm  are  most  cordially  invited  at  all 
times. 

WILLIAM  M.  LIGGETT, 
Director. 
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NORTHWEST  EXPERIMENT  FARM. 

T.  A.   HOVERSTAD. 


It  is  the  intention  of  the  Northwest  Experiment  Farm  to 
publish  from  time  to  time  reports  showing  the  results  of  the  ex- 
periments there  and  the  progress  of  the  work.  In  publishing 
this,  the  first,  report,  w€  are  conscious  of  the  fact  that  many 
of  the  results  published  will  not  be  final,  but  are  likely  to 
be  modified  as  new  conditions  in  future  years  may  influence 
them. 

The  agricultural  conditions  of  the  Red  River  Valley  are 
peculiar,  and  differ  from  those  of  any  other  portion  of  the  state. 
The  soil  is  of  exceptional  fertility.  The  surface  is  an  alluvium 
deposit,  with  a  subsoil  of  clay  that  is  almost  impervious  to  water. 
In  most  places  there  is  very  little  sand.  The  soil  is  capable 
of  retaining  moisture  to  a  remarkable  degree  if  properly  cul- 
tivated. The  land  is  very  level,  the  fall  being  from  a  few  inches 
to  a  few  feet  per  mile,  and  natural  drainage  is  not  the  best. 
However,  artificial  surface  draining  may  be  cheaply  provided, 
so  that  at  least  the  surface  water  may  be  rapidly  carried  away. 
A  careful  plan  of  drainage  has  been  devised,  and  experiments 
have  proven  the  plan  practical.  The  completion  of  this  drain- 
age system  will  probably  go  further  than  anything  else  towards 
developing  the  country  and  putting  agriculture  on  a  safe  basis. 
The  soil  is  capable  of  producing  a  great  variety  of  products,  and 
of  very  high  quality.  Vegetables,  grains,  forage  crops,  grasses, 
roots,  small  fruits,  some  tree  fruits,  forest  irees,  shrubs,  and 
flowers  can  be  grown  in  great  abundance.  For  some  cq^s,  like 
corn,  melons,  etc.,  the  season  is  somewhat  short,  but  during  the 
growing  season  plant  growth  is  very  rapid.  This  is  probably 
due  to  the  very  long  days  during  the  summer  season.     The 
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rapid  plant  development  largely  compensates  for  the  shorter  sea- 
sons. The  climate  is  healthful  and  invigorating.  The  sky  is 
clear  most  of  the  time,  so  that  crops  are  easily  cured.  The  ease 
with  which  a  field  could  be  worked,  the  fact  that  good  crops 
were  very  sure  while  the  land  was  new,  prices  high,  and  ready 
market  at  hand,  early  developed  the  single-crop  system  through- 
out the  valley. 

To  criticise  the  present  practice  would  be  unjust  Many 
could  not  have  done  otherwise.  A  large  majority  of  the  fanners 
have  done  exceedingly  well  under  the  circumstances.  A  wise  plan 
for  the  farmer  is  to  continue  in  the  practice  which  has  proven  a 
success  with  him.  Changes  from  one  system  of  farming  to  an- 
other should  be  gradual.  The  time  is  probably  now  ripe  for  a 
gradual  deviation  from  the  single-crop  system  to  one  more 
varied.  The  change  should  begin  by  introducing  live  stock. 
This  is  the  most  natural  starting  point,  and  the  safest.  The 
time  required  to  change  from  wheat  growing  to  live  stock  fann- 
ing depends  on  one's  means  and  one's  skill  as  a  stockman.  If  a 
man  has  both  money  and  experience,  buying  the  live  stock  im- 
mediately and  commencing  to  feed  need  not  occupy  much  time. 
If  the  money  is  not  at  hand  and  the  experience  limited,  he  must 
go  slowly.  He  should  begin  with  the  stock  which  requires  the 
least  capital  to  purchase.  Commencing  with  poultry,  it  will 
not  take  long  to  gather  a  large  flock.  They  can  be  supported 
largely  on  the  by-products  which  might  otherwise  be  wasted. 
They  will  help  to  save  very  much  of  the  outlay  that  formerly 
went  to  the  grocer  and  butcher. 

A  flock  of  sheep  can  be  purchased  for  a  small  expenditure. 
They  will  make  good  use  of  the  very  cheap  foods  on  the  farm, 
and  often  destroy  harmful  weeds.  They  will  decrease  the  cost 
of  living,  and  will  help  to  produce  money  for  the  further  ex- 
tension of  the  live  stock  business. 

The  same  principal  facts  are  true  to  some  extent  in  regard 
to  swinei  To  commence  with  cattle,  more  capital  is  required, 
and  the  progress  is  not  so  rapid.  By  "growing"  into  the  busi- 
ness, instead  of  "going"  into  it,  the  farmer  will  learn  the  care 
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and  management  while  the  herds  and  flocks  are  being  built  up. 

The  subject  of  shelter  is  a  great  problem  in  a  new  country. 
Good  barns  are  expensive  and  few  farmers  can  afford  to  erect 
the  buildings  they  would  like  to  have.  Stables  for  shelter,  to  be 
used  only  for  a  few  years,  need  not  be  costly.  Walls  made  of 
two  thicknesses  of  cheap  boards,  packed  with  hay,  flax  straw,  or 
other  cheap  material,  can  be  made  warm.  Poles  may  be  sub- 
stituted for  the  boards,  but  the  walls  must  then  be  made  thicker. 
The  roof  can  be  made  of  straw,  thatched  with  rye  straw  or  marsh 
hay,  provided  enough  material  is  put  on  to  keep  the  heat  from 
escaping.  Such  shelter  is  the  only  one  used  on  the  Experiment 
Farm  at  the  present  time  for  cattle,  sheep  and  poultry.  These 
cheap  barns  dan  be  made  light,  warm,  dry,  and  well  ventilated. 
There  is  nothing  in  the  way  of  comfort  for  the  animals  that 
cannot  be  provided  in  these  barns.  They  cannot  always  be  made 
models  of  convenience,  and  their  appearance  may  not  be  in 
their  favor  in  comparison  with  frame  barns. 

The  farm  being  stocked,  the  change  in  crops  must  follow. 
Pastures  must  be  provided.  A  part  of  the  land  must  be  set 
aside  for  meadow  to  produce  hay  for  winter  feeding.  A  great- 
er variety  of  grain  must  be  grown.  Corn  for  fodder  and  for 
grain  should  be  raised  as  an  economical  feed  for  all  classes  of 
cattle  and  horses.  This  will  necessitate  the  cultivation  of  a 
part  of  the  land,  thereby  reducing  the  number  of  weeds  and  im- 
proving the  soil.  This  rotation  of  grains,  grasses,  and  culti- 
vated crops  in  connection  with  the  live  stock  is  the  safest  sys- 
tem for  the  farmers  of  the  Red  River  Valley  to  adopt.  By  this 
system  the  fertility  of  the  land  is  not  exhausted,  the  weeds  are 
kept  in  check,  a  larger  variety  of  crops  is  raised,  and  the  farmer 
assumes  less  risk.  The  extreme  high  wages  at  one  season,  and 
the  inability  to  furnish  employment  at  another,  would  thus  be 
avoided.  This  will  help  to  destroy  a  system  which  is  undesira- 
ble to  both  employer  and  employed,  and  certainly  very  demoral- 
izing to  the  employes  of  the  country.  The  migratory  laborer 
would  be  replaced  by  the  permanent  one,  who  would  make  his 
home  in  one  place  rather  than  change  it  with  the  seasons.    . 
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Another  thing  that  must  not  be  overlooked  is  the  fann 
operations.  The  farmstead  must  be  beautified  and  made  to  bring 
comfort  as  well  as  financial  returns.  V^^etables  can  be  made 
to  grow  in  abundance,  and  of  excellent  quality.  Small  fruit  can, 
with  some  care,  be  made  to  produce  good  crops.  These  can 
be  grown  cheaply,  and  need  occupy  only  a  very  small  area  of 
ground.  A  better  table  and  the  reduction  of  living  expenses 
fully  justify  both  the  vegetable  and  small  fruit  gardens.  There 
are  enough  hardy  trees,  shrubs,  flowers,  etc.,  from  which  to  se- 
lect for  protection  against  storms  and  for  ornamenting  the  home. 
To  make  the  home  comfortable,  pleasant,  and  beautiful  is  one  of 
the  first  thoughts  that  should  occupy  the  mind  of  the  farmer. 

FIELD  CROPS. 

'The  effort  at  Northwest  Experiment  Farm  is  to  secure  the 
best  available  varieties  of  the  different  grain  and  forage  crops. 
This  work  is  done  in  co-operation  with  Prof.  W.  M.  Hays,  who 
supplies  from  University  Farm  the  varieties  which  "there  prove 
best  among  very  large  numbers  secured  from  all  parts  of  the 
world,  or  originated  in  his  extensive  breeding  experiknents.  He 
is  co-operating  with  the  National  Department  of  Agriculture  in 
introducing  into  Minnesota  grain  and  forage  crops  from  similar 
climates  in  foreign  cot!ntries,  and  has  inaugurated  a  general 
method  of  distributing  them,  and  also  those  originated  by  the 
Experiment  Station,  to  the  farmers  of  the  state.  The  work  al- 
ready done  with  wheat,  corn,  oats,  barley,  flax,  field  peas,  tim- 
othy, bromus,  and  other  plants  leads  to  the  belief  that  much 
good  will  come  to  this  valley,  as  well  as  other  parts  of  the  state, 
from  this  work  of  introducing  and  breeding  better  varieties  of 
our  staple  crops.  This  experiment  farm  will  naturally  take  a 
prominent  part  in  the  eflEort  to  find  which  of  these  varieites  is 
best  suited  to  the  conditions  of  Red  River  Valley  farms.  In 
some  cases,  as  with  varieties  of  com  and  some  of  the  new 
grasses,  part  of  the  breeding  must  be  done  here,  to  adapt  the 
varieties  to  the  conditions  of  climate,  soils,  and  the  methods  of 
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farming  practiced  here.  Limited  quantities  of  a  few  of  the 
more  promising  varieties  of  grains  have  been  sold  from  North- 
west Experiment  Farm,  though  raising  seeds  on  land  subject 
to  flooding  is  by  no  means  an  easy  undertaking,  since  the  seeds  of 
varieties  are  floated  from  one  field  to  another.  When  the  larger 
drains  are  completed  this  difficulty  will  be  surmounted. 

The  Experiment  Station  has  adopted  the  plan  of  using 
nimibers  for  designating  all  stocks  of  field  crops  which  it  intro- 
duces or  originates  on  any  of  the  several  experiment  farms. 
Newly  originated  varieties  have  no  names  other  than  the  num- 
bers, which  are  written  as  follows:  "Minn.  No.  163  Wheat;" 
"Minn.  No.  13  Com;"  etc. 

In  this  report  the  yields  only  are  given.  For  the  history 
and  general  characteristics  of  the  varieties  mentioned  in  the  fol- 
lowing tables,  the  reader  is  referred  to  Minn.  Bulletins  Nos.  40, 
46,  50  and  62.  The  yields  so  far  have  been  abnormally  low,  be- 
cause of  unusually  wet  years  and  a  lack  of  drainage.  In  ^899 
a  hailstorm  also  materially  lowered  the  yields. 

Wheat  is  used  on  this  farm  as  the  standard  crop  with  which 
to  compare  other  crops  and  rotations  and  to  test  the  condition  of 
the  soil  under  various  methods  of  treatment,  such  as  plowing, 
tillage,  crop  rotations,  etc.  While  the  formal  rotation  experi- 
ments have  not  yet  reached  the  stage  for  report,  yet  the  very 
great  importance  of  grasses  and  cultivated  crops  in  the  rotation 
to  increase  the  yields  of  wheat  and  other  grains  is  clearly  shown. 
Live  stock  to  use  the  forage  and  part  of  the  grains  and  by-prod- 
acts  to  advantage  is  shown  to  be  most  important.  Since  live 
stock  is  the  only  means  of  reducing  grass  and  cultivated  crops 
to  a  marketable  form,  they  are  very  valuable  on  the  grain  farm 
to  permit  the  rotations  with  grasses  needed  by  the  wheat. 

WHEAT. 

In  tables  I.  and  II.  will  be  found  the  yields  of  wheat.  Out 
of  forty-four  varieties  tested  only  the  eleven  in  Table  II.  are  now 
retained. 
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WHEAT. 
TABLB  I.— Wheat  Variety  Teste,  Two  Tears. 


ao 

5^ 

66 
105 
149 
155 
157 
180 
188 


Variety 


Yield 
in '97 

Yield 
in '98 

Yield 
in '99 

8.4 

18.1 

14.8 

16.1 

20.7 

18.9 

18.8 

19.9 

23.0 

20.1 

10.8 

16.0 

20.0 

19.3 

Arerege 
Yield 


Power's  Fife. 
Olyndon  711. 

New 

New 

New 

Advance 

Preeton , 


13.2 
14.9 
19.8 
19.3 
21.5 
13.4 
19.6 


Minn.  Nos.  163  and  165  have  been  sold  to  some  extent  for 
seed.  These  have  proven  to  be  good  yielders,  produce  flour  of 
good  quality,  ordinarily  do  not  lodge,  do  not  shell  out  easily,  and 
withstand  plant  disease  as  well  as  any  known  varieties.  The  yield 
for  1898  is  the  average  of  two  trials  on  diflferent  fields.  One 
and  one-eighth  bushels  per  acre  have  been  sown  with  shoe  drills 
each  year. 


TABLE  II.— Wheat  Variety  Teete,  Three  Tears. 


a  . 

fl  0 

2^ 


Variety 


Yield 
in '97 


Yield 
in '98 

Yield 
ia  '99 

21.4 

13.2 

2S5 

16.6 

26.2 

96 

22.S 

10.8 

24.5 

12.0 

26.8 

13,3 

21.6 

13.8 

23.9 

10.2 

26.4 

10.3 

20.9 

9.0 

23.8 

11.8 

ATeraee 

Yield^ 


163 
16S 
167 
169 
171 
172 
181 
294 
295 
457 
458 


New 

Wellman's  Fife 

New 

New 

New 

New 

New 

New 

Bine  Stem  from  C.  B.  Jackson 

Buchanan 

B^yptian  Fife 


28.3 
20.2 
19.7 
17.8 
11.8 
183 
26.3 
19.0 
17.0 
23.0 
19.7 


20  9 
20.4 
18.4 
17.0 
161 
19.4 
20.6 
17.7 
17.9 
17.6 
18.4 
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Twenty-five  varieties  of  oats  have  be^  tried  during  the  past 
three  years,  and  their  yields  are  tabulated  in  Tables  III.  and  IV. 
Two  bushels  per  acre  have  been  sown  with  the  shoe  drill.  Min». 
Nos.  35  and  230  have  been  raised  in  large  quantities  for  feed 
and  seed,  and  have  proven  very  satisfactory.  No.  26  has  proven 
a  very  good  yielder  at  several  stations,  and  it  is  the  intention  to 
increase  the  supply  so  it  can  be  sold  for  seed.  Minn.  No.  196 
matured  nearly  two  weeks  earlier  than  the  rest,  but  was  dis- 
carded owing  to  poor  )rield  and  inferior  quality.  All  the  varie- 
ties retained  have  shown  marked  power  of  rust  resistance  dur- 
ing the  past  three  seasons.  So  long  as  oats  remain  such  a  valu- 
able article  for  food,  they  are  likely  to  be  one  of  our  important 
crops.  No  crop  was  raised  in  1896,  owing  to  the  excessive 
rains  in  early  spring. 


TABLE  nL—Oats  Variety  Tests,  Two  Tears. 


0  0 

Variety 

Yield 
in '97 

Yield 
in '98 

Yield 
in '99 

Averase 
Yield 

4 

BarlT  Swedish  .....  • 

44.4 
46.6 
50.3 
67.6 
61.6 
41.6 
87.6 
66.0 
47.2 
80.8 
82.8 

44.4 

80 
192 

Tnio   mriiltc  Sti8si&n...« •••••• 

46.6 

60.3 

193 

67.5 

194 

51.6 

195 

41.6 

167 
198 
199 
200 
201 
209 
211 

67.5 

66.0 

47.2 

30.8 

82.8 

49.4 
42.9 
67.9 
40.6 
58.4 

49.4 

42.9 

86 

Giant  Side 

46.6 
48.1 
62.9 

61.7 

198 

44.3 

280 

Red  River  Oats 

48.8 
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TABLE  IV.— Oats  Variety  Tests.  Three  Trials. 


B    . 

a  o 


Variety 


Yield 
in '07 


Yield 
in '98 


Yield 
in '99 


ATeimgc 
Yield 


'6 
28 
26 
29 
82 
86 
64 
190 
191 


Improved  Lifi^owa 

Lincoln 

Barly  Gothland.... 

Archangpel 

White  Wonder 

Black  Ruaaian 


67.9 
59.1 
76.6 
47.6 
62.2 
61.9 
62.2 
93.1 
32.8 


68.4 
69.2 
66.7 
60.9 
61.8 
62.8 
65.6 
61.6 
63.1 


38.3 
41.9 
42.0 
40.2 
*4.7 
38.4 
459 
43.8 
46.3 


61.6 
66.7 
61.4 
49.6 
66.2 
64.3 
67.9 
66.1 
47.1 


BARLEY. 


,v 


The  necessity  of  growing  barley  in  a  country  where  corn 
matures  with  uncertainty  is  manifest.  It  is  also  a  valuable  grain 
in  seasons  when  early  spring  rains  delay  seeding  until  it  is  too 
late  for  sowing  wheat. 

Table  No.  V.  shows  the  yield  of  the  barley  raised  during  the 
past  two  seasons.  The  crop  of  1899  was  sown  in  duplicate,  so 
the  yield  reported  is  the  average  of  two  trials.  This  crop  was 
very  seriously  damaged  by  hail,  as  it  was  nearly  mature  when  the 
storm  occurred.  How  much  damage  was  done  cannot  be  esti- 
mated. It  seemed,  however,  that  all  the  varieties  were  injured 
alike,  so  the  yields  are  considered  comparable.  Several  varieties 
of  barley  were  sown  in  1896  and  1897,  but  owing  to  the  heavy 
rains  they  were  injured  so  seriously  that  no  record  of  any 
value  could  be  reported. 
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TABLB  v.— Barley  Variety  Teste,  Two  Teare. 


00 

3* 


Variety 


Yield 
in  '98 

Yield 
in '99 

Average 
Yield 

40  4 

15.3 

27.8 

96.3 

20  7 

28.4 

87.1 

21.8 

39.2 

36.2 

32.6 

29.4 

34.8 

20.7 

37.7 

32.9 

20.8 

26.6 

43.1 

31.4 

31.7 

No.  of 
Trials 


6 
7 
IS 
21 
38 
86 
100 


Manshary 

Champion  of  Vermont 

French  Chevalier 

Odessa 

Barnard's 

Cnlver 

Ooldcn  Queen 


FLAX. 

EflForts  at  testing  varieties  of  flax  have  been  so  unsatis- 
factory that  no  tabulated  results  of  yields  can  be  oflFered.  Flax 
is  very  sensitive  to  alkali  in  the  soil,  and,  the  field  used  in  1898 
being  slightly  spotted  with  alkali,  the  yields  of  the  adjacent  plots 
of  varieties  were  not  comparable.  Fields  of  flax  have  been  suc- 
cessfully gfrown  on  freshly  broken  soil.  Since  flax  is  less  af- 
fected by  the  time  of  sowing  than  other  grain  crops,  it  may 
sometimes  be  sown  when  rains  or  other  causes  make  it  imprac- 
ticable to  plant  wheat  or  oats  in  sieasonable  time.  Harvesting 
has  been  found  most  satisfactory  when  a  platfonn  is  built  on  the 
harvester,  in  place  of  the  binder.  The  flax  can  then  be  thrown 
off  in  windrows,  with  the  heads  all  outward  and  upward.  Flax 
straw  will  doubtless  pirove  to  be  niore  vahiable  in  the  future 
than  it  now  is.  It  is  valuable  for  feed,  can  be  utilized  in 
a  variety  of  ways  on  the  farm,  and  there  is  a  growing  prospect 
that  the  immense  quantities  of  flax  straw  now  annually  wasted 
will  be  used  for  making  fiber,  paper  and  other  products. 

BUCKWHEAT. 

Buckwheat  has  been  sown  twice,  and  has  grown  well,  pro- 
ducing an  undue  proportion  of  straw, — z  usual  result  elsewhere 
on  rich   soils.    If  this  crop  can  be  raised  here  for   seed,  so 
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that  home-grown  seed  will  be  available,  buckwheat  promises  to 
be  of  value  to  use  as  a  green  manure  crop  and  to  aid  in  killing 
mustard  and  other  weeds.  When  planted  after  a  first  plowing 
in  the  summer  fallow  year,  and  turned  under  two  months  later, 
it  will  not  only  manure  the  land,  but  its  rapid  and  thick  growA 
will  greatly  aid  in  smothering  weeds.  A  small  plot  raised  for 
poultry  and  fed  out  in  the  bundle  answered  a  very  good  pur- 
pose. 

•  GRASSES  AND  CLOVERS. 

The  native  grasses  have  never  given  very  satisfactory  re- 
sults on  Northwest  Experiment  Farm.  The  pasture  has  sup- 
ported only  a  small  amount  of  stock  per  acre.  Estimating  the 
yield  of  dried  hay  during  the  last  four  years  would  place  it  at 
half  or  three-quarters  of  a  ton  per  acre.  This  is  less  than  the 
rich  lands  in  the  Red  River  Valley  should  produce. 

There  are  two  ways  of  increasing  the  yield  on  prairie  land: 
(i)  By  improving  the  growth  of  the  native  grasses;  and  (2) 
by  breaking  up  the  sod  of  native  grasses  and  introducing  other 
species  that  are  more  promising.  The  native  prairie  grasses 
are  valuable  for  feed,  and  the  nutritive  quality  is  good,  but  the 
yield  is  too  low.  Top  dressing  native  grass  land  has  been  tried, 
but  this  is  impracticable  at  present,  owing  to  the  large  area  to  be 
fertilized  and  the  small  amount  of  available  manure.  A  better 
way  is  to  break  up  the  land  and  introduce  new  and  more  produc- 
tive species  in  the  crop  rotation. 

Experiments  were  begun  early  (i)  to  test  new  species 
and  varieties  of  glasses  and  clover,  to  determine  their  adapta- 
bility to  the  Red  River  Valley,  to  ascertain  their  yields,  and  to 
determine  their  nutritive  quality  and  longevity;  (2)  to  learn  the 
best  methods  for  their  nmnagement  and  find  their  place  in 
the  rotation. 

The  first  seeding  was  done  on  June  20,  1896,  when  thirteen 
varieties  were  sown  broadcast  on  onc-fiWi*  acre  plots  withoat 
nurse    crops.    The  same  experiment  was  repeated,  with  some 
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changes,  in  1898.  The  yields  are  recorded  in  Table  VI.  The 
winter  of  1896-97  was  particularly  favorable  for  the  wintering 
of  grasses  and  clovers,  while  the  winter  of  1898-99  was  quite 
severe,  though  the  wet  fall  of  1898  put  them  into  the  winter 
good  condition.     It  will  be  noticed  that  in  both  trials  the 


in 


Pig.  l.<— Slender  Wheat  Grass. 

clovers  have  wintered  well.  Red  Top,  Brome  grass  (Bromus 
inermis).  Slender  Wheat  grass  (Agropyrum  tenerum),  and 
timothy  all  yielded  well,  and  have  proven  very  worthy  of  ex- 
tended trials.    Kentucky  Blue  grass  was  sown  on  a  few  plots. 
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It  formed  a  very  thick  sod,  and  would  doubtless  prove  valuable 
for  pasture  in  seasons  with  sufficient  rainfall,  but  in  dry  years 
its  yield  is  light.  Bokhara  is  valued  elsewhere  for  green  manure, 
and  for  this  purpose  it  may  prove  an  important  crop  here,  as  it 
produces  a  large  growth.  Meadow  Fescue  yielded  well  in  1896, 
but  was  very  seriously  damaged  the  following  winter.  Fowl 
Meadow  grass  was  sown,  but  failed  to  endure  the  winter.  White 
clover  formed  a  good  sod  the  first  year,  but  the  plot  has  since 
been  taken  possession  of  by  timothy  and  clover  from  the  ad- 
joining plots.  Muhlenbergia  racemosa  and  M.  pringlii  were 
sown,  but  failed  to  make  a  good  stand  of  plants.  Doubtless  these 
two  last-named  grasses  will  grow  better  when  more  attention  is 
given  them,  as  they  grow  well  here  in  the  wild  state. 


TABLB  VI.— Test  of  VarietlM  of  Ghrasses. 


Variety 


Seed 

Per  Acre 

Lbs. 


Yield 
in»97 


Yield  in  1809 


No 
NurveCrop 


With 
Kane  Crop! 


Common  Red  Clorer.... 
Mammoth  Red  Clover. 

AMke  Clover 

Bromns  Inermia ,.•• 

KgtopjTVLm  Teneram.  . 

•Tlraothy. 

Red  Top 

Alfalfa 

Meadow  Peacne 

Orchard  Graaa 

Canadian  BlueGraas.. 
Bokhara 


7 
7 

30 
20 
10 

0 
10 
20 
20 
20 

8 


2489 
5070 
2609 


2872 
5190 


4862 
4752 


2982 
8082 
1200 


8800 
8975 
8765 
4450 


4025 
4715 
8750 
4976 


2400 
2S40 
3965 


8006 


BROME  GRASS. 


(Brontus  Inermis  Fig,  2.) 

The  most  promising  permanent  grass  so  far  tested  is  Bromus 
inermis,  commonly  called  "Brome  Grass."  It  is  the  first  to 
start  in  the  spring  among  all  the  grasses  tried.     It  is  usuaHy 
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ready  for  pasturage  about  three  weeks  before  the  native  grasses. 
It  will  also  keep  green  a  long  time  after  the  native  g^ass  is 
withered  in  the  fall.  It  yields  well  on  drained  land,  and,  so  far, 
has  been  uninjured  by  our  coldest  winters.  It  can  be  pastured 
close  in  the  fall,  as  it  needs  no  winter  protection.  The  seed  can 
be  sown  at  almost  any  time. during  the  summer.  Our  experi- 
ence is  in  favor  of  spring  or  early  summer  sowing. 


Pig.  2.— Bromc  Grass. 


In  Table  VII.  are  recorded  the  yields  when  sown  with  and 
without  nurse  crops.     The  results  are  in  favor  of  no  nurse  crops. 


Digitized  by  VjOOQIC 


668 


GRASSES  AND  CLOVERS. 


The  yields  recorded  are  all  small.  This  is  due  to  lack  of  drain- 
age on  the  land  where  it  was  grown.  On  spots  where  drainage 
was  good  the  yield  was  very  high.  Where  the  land  was  flooded 
for  some  time  in  the  spring,  it  was  very  poor.     On  land  poorly 


Fig.  8. — Brotnns. 


drained  there  may  be  grasses  that  will  yield  better.  It  is  recom- 
mended for  permanent  meadows  and  pastures  as  the  whole  crop 
or  at  least  a  part  of  the  grass  mixture. 


TABLE  XI.— Kane  Crops  for  Brome  Grass. 


Nurse  Crop 

No  Crop.. 
Barley..... 

Flax 

Oats 


Rate  Sown  Yield 

2101 

..  4-8  lbs 1197 

..  28  "  1275 

..  16  '•  1519 
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CLOVER. 

There  is  no  crop  more  needed  in  the  Red  River  Valley 
than  clover.  There  seems  to  be  a  prevalent  idea  that  clover 
Mrill  not  grow  here.  In  all  the  trials  conducted  on  this  farm 
there  has  been  manifest  evidence  that  clover  will  not  only  grow, 
but  grow  well.  In  twenty  trials  conducted  here,  common  red 
clover  has  given  an  average  yield  of  3,714  pounds  per  acre. 
The  lowest  yield  recorded  is  1,955  pounds,  and  the  highest, 
6,0^5  pounds.  The  mammoth  clover  has  in  five  trials  yielded 
an  average  of  4,904  pounds  per  acre.  These  yields  have  all  been 
produced  under  the  ordinary  system  of  farming. .  No  special  care 
was  given  to  any  of  them. 

TABLE  VIII.— Different  Nurse  Crops  for  Mammoth  Clover. 
Ntirse  Crop  Rate  Sown  Yield 

No  Crop 5132 

Wheat 45  lbs 3755 

Oats 32    "     3750 

Barley 48    "     4752 

The  experience  so  far  indicates  that  it  is  wise  (i)  to 
sow  only  good  clean  seed;  (2)  to  sow  it  in  the  spring  with  the 
grain  crop  at  the  rate  of  twelve  to  fifteen  pounds  per  acre; 
(3)  to  sow  it  with  a  nurse  crop  that  does  not  shade  the 
ground  too  much;  (4)  to  cut  the  nurse  crop  so  that  a  long 
stubble  will  be  left  to  catch  the  .snow  during  the  first  winter. 

A  good  crop  cannot  be  expected  more  than  one  season,  as 
the  clover  is  only  a  biennial,  after  which  the  land  must  be  plowed 
and  used  for  grain.  When  the  land  becomes  older,  and  clover 
has  been  raised  on  the  fields,  a  smaller  amount  per  acre  should  be 
sown.  In  the  trials  comparing  drilling  and  broadcasting,  the 
balance  is  slightly  in  favor  of  the  broadcasting.  It^will  be 
ranembered  that  in  both  1896  and  1898  there  was  enough  rain 
to  give  the  clover  a  good  start.  The  broadcasted  plots  were 
thcM-oughly  harrowed,  so  the  seed  was  well  mixed  with  the  soil.  # 
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Fig.  4.— Clover. 

The  plan  now  practiced  on  Northwest  Experiment  Farm  is  to 
sow  the  grain  the  usual  way;  then  sow  the  clover  seed  with  the 
grain  drill  at  right  angles  to  the  way  the  grain  was  sown.  The 
clover  seed  is  sown  slightly  more  shallow  than  the  gp"ain.  If 
the  drill  is  not  adapted  to  sowing  the  g^ss  seed  sufficiently 
thm,  a  few  quarts  of  the  grain  may  be  retained  and  mixed 
with  the  grass  seed,  to  aid  in  regulating  the  thickness. 


TABLB IX.— Common  Bed  Clover,  Drilling  ▼••  Broadoaetinff. 
NuraeCrop  Rate  Sown  Drilled  Broadcasted 


No  Crop 

Wheat 

25  lbs. 

i( 

50   " 

tt 

75    " 

Oats 

*50   " 

Barley 

40   " 

Flam 

35   " 

Millet 

25    •' 

Average. 


3790 

1955 

5350  

3215 

3665  

3450 

2800 

2875 

3940  

3575 

4200 

5525 

2765  

5085 

2215  

3640 

3591  

3665 
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THICKNESS   OF   NURSE   CROP   FOR   CLOVER. 

In  Table  No.  X.  is  recorded  the  result  of  an  experiment 
in  sowing  diflferent  amounts  per  acre  of  the  nurse  crop.  A 
crop  sown  in  a  field  on  June  8, 1898,  yielded  6,025  pounds  of  hay  in 
1899.  The  weeds  were  cut  at  diflferent  'times  during  the  sea- 
son, and  in  the  fall  enough  clover  was  allowed  to  grow  up  to 
furnish  its  own  protection.  While  a  good  yield  was  obtained 
in  1899,  there  was  no  return  from  the  land  in  1898,  which  might 
have  been  obtained  had  a  nurse  crop  been  sown. 

TABLB  X.— Thickness  of  Seeding  Noraa  Crop  for  OloTor. 
Nurse  Crop  Rate  Sown  Yield 

Wheat 25  lbs 4282 

"   50  '*  3557 

*'   75  "  2837 

No  Crop 2872 

From  Table  XIII.  it  will  be  seen  that  barley  was  the  best 
Tiurse  crop.  In  Table  XI.  the  yields  of  Brome  grass  when 
sown  with  nurse  crops  are  recorded.  The  plots,  however,  were 
so  often  flooded  by  water  that  it  is  difficult  to  estimate  the 
influence  on  each  plot.  The  main  value  lies  in  showing  the 
higher  yield  where  no  nurse  crop  was  sown.  The  record  of 
the  yield  where  no  nurse  crop  was  sown  is  the  average  of 
the  two  sowings. 


TABLB  VH.— DiffeTont  Kursa  Crops  for  Olover. 

Nurse  Crop  Rate  Sown  Yield 

No  Crop 2872 

Wheat 50  lbs 3559 

Oats 50   "    3757 

Barley 40   "     4862 

Flax J 35    "     3925 

Millet 25   " 2927 
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TABLB  XII.— Ghrassas— Xixtures  for  Meadows. 


Orastes 


Lbs. 


Yield 


Proportion  of  each  Varictj 


1897 


1898 


1899 


Timothy 

Red  Clover.. 


Timothy 

Mammoth  Clover.. 


Timothy., 
Alsike 


Timothy.., 
Bokhara.  , 


Timathy 

Mammoth  Clover.. 
Red  Clover 


Timothy 

Alsike 

Red  Clover.. 


Timothy 

BromuB. ...... 

Red  Clover.. 


Timothy. 
Bromus... 
Alsike 


Timothy 

Kentucky  Blue  Gra8«.. 
White  Clover 


Timothy 

Bromus 

White  Clover 

Kentucky  Blue  Graag.. 


Timothy 

Bromua 

Blue  Gra^s.. 


Timothy 

Meadow  Pcpcue.. 


Timothy 

Meadow  Fescue.. 
Red  Top . 


}  3*00  I 
}  2276  I 
}  2350  I 

}  ^^^^  { 
1875 


1776 


2076 


1500 


1000 


1626 


1375 


}  1576  { 


I  1300  I 


Per  cent. 

Per  ceat. 

Percent. 

40 

96 

86 

60 

6 

16 

36 

86 

96 

66 

15 

6 

36 

80 

40 

66 

30 

00 

40 

95 

40 

60 

6 

60 

16 

94 

86 

46 

1 

6 

40 

6 

10 

25 

96 

90 

16  ' 

8 

6 

60 

3 

5 

10 

88 

40 

6 

10 

55 

85 

3 

6 

40 

35 

80 

40 

70 

60 

20 

6 

30 

60 

85 

86 

10 

10 

5 

40 

6 

10 

lo   ■ 

75 

40 

10 

20 

66 

35 

0 

0 

6 

10 

6 

76 

65 

40 

20 

80 

•0 

6 

5 

0 

100 

100 

100 

0 

0 

0 

20 

96 

100 

0 

0 

0 

80 

6 

0 

BOMB  1899  RB8ULT8. 


Red  Clover.. 
Alaike 


Red  Clover 

Mammoth  Clover.. 


Red  Clover.. 
Timothy 


}  6260  { 


j  6616  I 
}  8436  I 


GRASS    MIXTURES. 

Thirteen  grass  mixtures  were  sown  in  June,  1896.  The 
yields  are  reported  in  Table  XII.  Three  mixtures  were  90¥ni 
in  1898,  which  are  recorded  in  the  same  table.  The  yidds  are 
comparatively  low,  except  those  of  1899.  It  will  be  noticed 
in  columns  4,  5,  and  6  that  the  percentage  of  clover  was  less 
in  1898  than  in  1897,  but  improved  again  in  1899.    Qover  has 
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also  Spread  out  on  adjoining  plots.  While  the  percentage  in 
the  table  shows  an  increase  in  the  timothy,  it  is  not  due  to 
any  improvement  of  the  timothy,  but  to  the  reduction  of  the 
other  grasses  in  the  mixture.  Bromus  inermis  has  in  nearly 
all  cases  improved  since  it  was  sown.  The  results  in  the  ease 
of  clover  warrant  keeping  the  land  in  clover  only  one  year 
following  the  year  of  seeding. 


TABLB  Xm.— Tastinff  Varloas  Nurse  Crops  for  Timothy  and  CloTar, 


Nnrte  Crop 


Rate 
Sown 
Lbs. 


Yield 
Per 
Acre 


Grass 


Rate 
Per 

Acre 


Per  cent, 
in '97 


Per  cent, 
in '98 

CIov 

5 

Tim 

95 

*4 

95 

<l 

95 

" 

95 

" 

96 

Per  cent, 
in '99 


Oats 

Barley 

-Wlieat 

Millet 

No  Crop.. 


45 
35 
45 
30 


1975 
2050 
1850 
1425 
2400 


Clov. 
Tim. 


Clov.  50 
Tim.  50 


{" 


.*0\ 
60/ 

40\ 
60/ 

40\ 
60i 

60 


Clov.  15 
Tim.  85 

••  85 

"  85 

•'  85 

"  86 


CULTIVATED  AND  FORAGE  CROPS. 

Several  cultivated  and  annual  forag^e  crops  have  been  tried 
each  year.  These  crojfe  are  valuable  when  livestock  is  in- 
troduced, and  for  cleaning  the  land  of  weed  seeds.  Much 
valuable  food  can  be  obtained  by  these  crops,  and  they  are  most 
excellent  to  prepare  the  soil  for  grain. 


CORN. 

Com  is  the  most  important  annual  forage  crop  so  far  tried. 
During  each  of  the  past  three  years  several  of  the  best  obtain- 
able varieties  have  been  planted.  The  object  was  to  test  the 
length  of  time  it  takes  each  to  mature  for  fodder,  and  also  their 
ability  to  produce  fodder,  both  a&  to  quality  and  qiumtity.  The 
land  being  very  wet  each  year  during  the  planting  season,  the 
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sowing  of  the  seed  has  been  postponed  until  June.  While  no 
varieties  have  matured  ears,  many  have  nearly  done  so.  In 
case  the  seed  could  have  been  sown  in  season,  doubtless  sev- 
eral of  these  varieties  would  have  matured.  Many  of  them 
produced  a  large  yield  of  fodder  com.  The  yields  this  year 
with  single  rows  42  inches  apart  averaged  four  to  six  tons 
air-dried  fodder  per  acre.  By  heavier  seeding  the  yidd  could 
have  been  greatly  increased.  In  Table  XIV.  are  given  the  results 
for  1898  and  1899.  It  will  be  noticed  that  many  of  the  varieties 
were  nearly  ripe  at  harvest,  100  per  cent,  representing  matured 
com.  The  seed  for  fodder  com  in  northem  Minnesota  will 
for  a  while  have  to  be  bought.  Meanwhile  it  will  be  wise  for 
the  farmers  to  try  to  secure  com  that  will  mature  early  and 
at  the  same  time  produce  a  good  yield  of  fodder.  A  plot  for 
seed  can  be  planted  in  the  garden,  and  so  long  as  maturing  is 
so  uncertain  this  •  planting  should  be  confined  to  a  small  area. 
Corn  fodder  is  valuable  for  all  classes  of  livestock,  horses  in- 
cluded. It  will  be  wise  to  raise  this  valuable  fodder  plaflt 
much  more  extensively. 


TABLB  XrV.-Variaty  T—t  of  Oorn  for  Foddei 

• 

1898 

1899 

VARIETY 

Heljht 
Stalk 

Fodder 

Per 

Cent. 

Mature 

Stalk 

Fodder 

Per 

Cent 

Matare 

SquAW. 

6 
5 
5 

8 

4 
7 

00 
80 
90 
86 
90 
78 
75 

SS 

80 
95 

10 

*8 

20 
15 
26 
20 
10 
10 
5 
16 

4 

4 
7 

60 
80 
95 
65 
97 

80 

Smtit  Nose. ......L.t.t. ............ 

96 

85 

LonsfeUow 

70 

Priaeofthe  North  

95 

Giant  Field 

Portland  H-vbrid 

.«~ 

Minn.  No.  169 « 

T^nmm^n 

f* 

36 

86 

96 
96 

Twedken 

Minn  No  18 

...«.— 

Kins  Phillin 

7 

h 

4 
6 

7 

90 
80 
76 
SO 
90 
65 
60 
76 
100 

80 

N   K    &  Co    DA.k.  Dent r i 

80 

Nnrtli  DAkotA  White  Plint 

95 

Rnatler « - 

00 

BiflT  Sauttxv • • «» 

70 

Rafiv  fAlltiaon  Dent                               - - — - 

95 

00  D«.T  Plint % 

90 

Hfl.1f  Dent 

86 

Minn    No    169 

86 
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RAPE. 

For  three  seasons  rape  has  been  grown.  The  yield  has  in 
all  cases  been  very  good,  excepting  where  alkali  was  in  excess 
in  the  soil,  or  drainage  was  lacking.  In  one  plot,  where  alkali 
injured  the  rape  in  spots  in  1897,  a  good  crop  of  rape  was 
produced  in  1898  by  manuring  the  alkali  spots  with  barn- 
yard manure.  The  growth  can  be  imagined  from  the  appear- 
ance of  Fig.  5.  The  photograph  from  which-  the  figure 
was  reproduced  was  taken  late  in  October.  No  definite  ex- 
periments  have   been   conducted   with   it.     One   plot   of   three- 


Fig,  5.— Rape  Grown  in  1898. 

fifths  of  an  acre  was  sown  in  1898  beside  a  similar  sized  plot  of 
sorghum.  The  sheep  were  pastured  on  these  plots  all  sum- 
mer, with  good  results.  The  rape  may  be  sown  any  time  from 
early  spring  to  midsummer  on  any  well  drained,  alkali-free 
soil.  It  will  resist  the  frost  in  the  fall 'much  better  than  any 
other  forage  plant  tried.  These  plots  were  sown  broadcast,  and 
in  drills  30  inches  apart.  For  pasturage,  sowing  broadcast  or 
with  the  ordinary  grain  drill  will  prove  satisfactory.  Rape  is 
very  useful  for  sheep  and  hogs,  is  useful  as  a  green  manure 
crop  in  the  year  of  fallow,  and  should  be  used  extensively  in  the 
Red  River  Valley. 


Digitized  by  VjOOQIC 


676 


CULTIVATBD  AND  FORAGE  CROPS. 


SORGHUM. 

Sorghum  has  been  grown  during  the  past  three  years.  In 
1897  it  averaged  4.4  tons  air-dried  fodder  per  acre,  and  in 
1898,  4.8  tons  per  acre.  It  is  grown  in  drills  42  inches  apart. 
In  1898  a  three-fifths  acre  field  was  sown  to  sorghum.  This 
field  was  pastured  to  sheep  during  the  summer,  in  alternation 
with  a  field  of  rape  of  similar  size,  proving  very  satisfactory. 
Sorghum  is  tender,  and  is  killed  by  frost  not  severe  enough  to 
kill  corn.  It  is  valuable  for  a  summer  pasture  only,  while 
rape  can  be  used  for  both  summer  and  fall  pasturing. 

OTHER  FORAGE  CROPS. 

In  Table  XV.  are  recorded  the  yields  of  air-dried  fodder  ob- 
tained from  several  crops  in  1897.  In  all  cases,  except  kaffir 
corn,  the  plots  were  considerably  injured  by  high  water.  Millet 
is  valuable  to  help  clean  the  land  and  to  furnish  good  food  for 
the  cattle.  Other  forage  crops  have  been  tried,  yellow  and 
white  Milo  maize.  Pearl  millet.  Sand  vetch  and  Teosinte,  but 
none  of  these  equal  com,  and  few  mature  seed.  Com,  rape, 
sorghum,  ahd  millet,  together  with  early-cut  crops  of  the  com- 
mon spring  grains,  make  a  list  of  fodder  crops  large  enough 
to  meet  the  present  needs  of  the  Red  River  Valley  farmer. 

TABLE  XV.~Oultivated  Crops. 


Plot 

Name  of  Crop 

Yield 

Notes 

1 

2 

8 

4 

5 

6 

7 

Sorghum 
Hungarian  Millet 
German  Millet 
Hog  Millet 
Dhoura 
•  Kaffir  Com 
Sand  Vetch 
Pearl  Millet 
Rape 

8740 
3451 
5250 
2750 
8050 
3000 

Injured  by  Water. 

<•        ««        •« 

•t        ««        It 
Grows  slowly  first,  better  later. 
Good. 

8 

Grew  very    well    except    where 
thrre  was  alkali  in  the  soil. 

0 

While  corn  is  the  most  valuable  forage  crop  tried,  peas  and 
oats  and  sorghum  and  rape  for  summer  pastures,  and  rape 
and  cabbage  for  fall  pastures,  are  very  useful  and  worthy  of 
extended  trial.  '  * 
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CROP  ROTATIONS. 

Crojpping  fields  continuously  to  spring  grains  eventually 
brings  disaster.  Crop  rotation  is  being  rapidly  forced  upon  us 
by  necessity.  While  the  Red  River  Valley  is  admirably 
adapted  to  grain  growing,  we  have  a  variety  of  grasses  and 
cultivated  crops  which  rest  and  prepare  the  soil  for  grain  and 
may  be  profitably  grown  in  alternation  with  the  grains.  Wheat, 
oats,  flax,  and  barley  form  collectively  only  one  of  the  three 
classes  of  crops  to  be  provided  for  in  the  rotaticm.  Timothy, 
Brome  grass,  the  clovers  and  other  grasses  form  a  second  class 
of  crops.  Com,  sorghum,  millet  and  rape,  and  other  cultivated 
and  annual  forage  crops  form  the  third  class.  Alternating  the 
grain  crops  with  each  other  is  not  worthy  the  name  of  rota- 
tion, because  these  crops,  instead  of  preparing  the  land  for 
each  other,  make  it  more  weedy  every  year  and  less  prepared 
for  grain.  Grain  prepares  the  land  for  grass,  serving,  as  it 
does,  as  a  nurse  crop  with  which  to  sow  the  grass  during  the 
first  year  when  it  is  only  starting  its  growth.  The  gjass,  after 
lying  one  or  more  years,  has  again  prepared  the  land  for  grain. 
The  grass  also  prepares  the  fields  for  com,  or  other  cultivated 
crops,  and  these  in  turn  admirably  fit  it  for  other  crops  of 
grain.  In  a  general  way,  we  can  have  a  rotation  of  grain 
followed  by  grass,  and  this  followed  by  cultivated  crops;  then, 
retuming  to  grain,  again  repeat  the  three-course  rotation. 
Since  the  grass  is  usually  left  two  or  three  years,  this  would  not 
give  a  large  enough  acreage  of  grain,  with  all  fields  under  the 
rotation,  unless  the  grain  also  were  grown  for  two  or  three 
years  in.  succession,  and  this  is  often  advisable  while  the  land 
is  new,  weeds  not  too  numerous,  and  there  is  not  sufficient  stock 
to  utilize  large  quantities  of  roughage. 

The  following  general  plan  will  often  be  found  useful: 
Grain  one  or  two  years,  grass  two  or  three  years,  gjain  two 
years,  cultivated  crops  one,  then  retuming  to  grain  repeat  the 
six-year  rotation.  The  grain  before  the  g^ass  may  be  reduced 
to  one  year  by  seeding  grass  seed  with  thfe  first  crop  of  grain 
after  the  cultivated  crop,  thus  making  the  grass  period  three 
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years.  If  the  grass  seeding  fails  to  make  a  stand,  which  will 
occur  occasionally,  grain  may  be  sown  on  the  same  field  the 
second  year,  again  seeding  to  grass,  and  thus  reducing  the 
grass  period  to  two  years. 

The  real  starting  point  of  a  rotation  is  the  introduction  of 
live  stock.  The  glasses  and  cultivated  crops  cannot  well  be 
marketed  except  they  be  first  reduced  by  animals  and  condensed 
into  live-stock  products.  And  with  the  roughage  must  be  fed 
part  of  the  grain  and  the  by-products  of  the  grains,  thus  keep- 
ing on  the  farm  much  more  of  the  fertility  abundant  in  our 
soils,  but  not  so  inexhaustable  as  to  warrant  rudiless  waste  by 
shipping  to  our  eastern  or  foreign  competitors.  Rotation  of  one 
grain  with  the  others,  without  crops  for  live  stock,  is  not 
true  rotation. 

At  first  a  small  amount  of  the  farm  may  be  included  in  the 
rotation.  Later  on  other  fields  may  be  added,  as  the  increase 
of  live  stock  makes  it  practicable  to  do  so.  A  plan  of  rota- 
tion should  be  adopted  and  then  adhered  to  in  a  general  way. 
In  the  year  when  grain  occurs,  that  g^ain  crop  which  promises 
the  best  returns  may  be  selected,  whether  it  be  wheat,  oats,  flax, 
or  barley.  Attention  should  be  given  to  the  choice  of  a  com- 
bination of  crops  which  will  best  utilize  the  labor  for  the  en- 
tire season,  and  will  not  too  much  congest  the  labor  of  busy 
seasons,  as  seedtime  and  harvest.  Thus,  for  a  five-year  rota- 
tion of  wheat,  clover  with  timothy  two  years,  flax  and  com 
might  suit  many  farmers,  since  tiiese  crops  follow  each  other 
nicely,  and  provide  a  succession  of  work  for  men  and  teams. 
A  system  of  experiments  on  crop  rotation  and  field  manage- 
ment has  been  begim  at  Northwest  Experiment  Farm,  in  co- 
operation with  Prof.  W.  M.  Hays  at  University  Farm.  In  the 
spring  of  1899  sixty  plots  were  set  aside  for  this  purpose.  A 
separate  rotation  is  planned  for  each  plot.  In  the  eflFort  to 
find  how  best  to  arrange  the  crop  rotation  for  this  district  the 
crops  each  year  are  carefully  measured  and  valued  for  market 
and  feeding.  The  effect  of  each  crop  on  the  land  is  studied, 
and  also  its  effect  in  making  the  land  more  or  less  weedy.     Since 
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only  one  year's  results  are  as  yet  available,  no  report  can  now 
be  made.  The  North  Dakota  Experiment  Station  at  Fargo 
has  also  in  prc^ess  work  on  crop  rotation  and  field  manage- 
ment. Many  farmers  in  the  Red  River  Valley,  likewise,  are 
working  out  systems  of  field  and  farm  management  in  a  most 
practical  way.  These  will  all  be  constantly  studied  in  connec- 
tion with  the  experiments  at  Northwest  Experiment  Farm,  as 
will  also  the  past  and  current  work  in  other  states  and  in  for- 
eign countries.  The  facts,  so  far  as  available  frwn  all  spurces, 
warrant  the  following  statements: 

(i)  Farmers  in  the  valley  very  much  underestimate  the 
value  in  ultimate  net  profits  of  live  stock  and  the  crops  neces- 
sary to  feed  them  when  grown  in  rotation. 

(2)  Cultivated  crops  and  grass  crops,  as  a  rule,  better 
prepare  the  land  for  grain  than  does  the  fallow,  and  in  the  end 
pay  better  if  judiciously  fed  to  live  stock. 

(3)  Timothy  and  clover,  if  not  at  once,  after  a  few  trials 
are  so  successful  as  to  be  very  useful  in  short  rotations  with 
wheat,  flax,  oats,  and  barley. 

(4)  Minnesota  dent  corq  grown  for  fodder,  when  about 
one  bushel  of  seed  per  acre  is  planted,  is  a  very  valuable  hay 
crop,  and  admirably  prepares  the  land  for  grain. 

(5)  Sorghum  and  rape  are  very  useful  on  the  land.  In- 
stead of  leaving  it  fallow  they  make  excellent  pasturage,  and  put 
die  soil  in  fine  condition  for  grain. 

(6)  The  variety  of  grain  used  counts  for  mudi  in  the 
yield,  but  the  preparation  of  the  soil  by  previous  crops  in  the 
rotation  means  much  more. 

(7)  The  farm  should  be  laid  out  with  definite  fields,  and 
these  should  be  enclosed  with  fences,  some  of  which  may  be 
movable,  and  the  crops  rotated  in  regular  and  systematic  order. 

(8)  Since  stable  manure  often  causes  the  gjain  to  lodge 
on  the  very  rich,  moist  soils  of  the  Red  River  Valley,  it  should 
be  (a)  applied  to  the  previous  crop;  (b)  composted  in  levd  piles 
three  feet  high,  so  as  not  to  fire-fang;  (c)  and  always  be  ap- 
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plied  thinly,  about  lo  two-horse  loads  per  acre,  so  as  to  get 
the  good  effect  without  the  over  effect  which  causes  the  grain 
to  lodge  and  not  fill  well. 

(9)  On  farms  where  the  rotation,  manuring,  and  good 
cultivation  of  crops  are  properly  combined  and  attended  to,  the 
strong  growing  crops  help  to  smother  the  weeds,  and  even 
French  weed,  mustard,  and  wild  oats  lose  their  terrors. 

(10)  The  business  of*  live  stock  breeding  and  co-operative 
dairying  in  the  Red  River  Valley  needs  organizing  and  promot- 
ing, in  order  that  that  most  necessary  element  in  our  farm 
business — live  stock  production — may  be  encouraged,  built  up, 
and  wonderfully  developed. 

DRAINAGE. 

If  there  is  anything  that  the  Red  River  Valley  is  in  need 
of  to  help  eliminate  the  element  of  uncertainty  in  crop  produc- 
tion, it  is  drainage.    The  growing  season  being  very  short,  it  is 
necessary  that  the  water  from  melting  snows  and  from  storms 
be  carried  from  the  fields  very  rapidly  in  early  spring.    The 
soil  is  of  a  clayey  nature,  and  of  fine  texture,  so  that  the  water 
percolates  through  it  very  slowly.   'The    land    is    very    level, 
having    a    fall    of    only    a    few    inches    or    at    most    several 
feet  per  mile.    The  country  near  the  eastern  border,  and  also 
the  land  along  the  Red  River  of  the  North,  is  a  little  better 
drained  than  the  middle  section.    Here  the  land  is  very  level 
and  the  stofm  waters  from  the  east  lose  their  channels  and 
spread  over  the  country,  making  large  marshes.     The  water, 
after    flowing  very  slowly  over  the    prairie,  again    collects  in 
channels  and  flows  into  the  Red  River  of  the  North.     The  state, 
supplemented  by  private  individuals,  has  given  very  liberal  as- 
sistance in  digging  main  channels  to  carry  this  water  across  the 
land.    These  channels  have  done  an  immense  amount  of  good, 
and  have  contributed  very  largely  to  the  prosperity  of  this  sec- 
tion of  the  state.    The  amount  of  good  resulting  from  this  cac^ 
not  be  estimated.    This  work  has  been  continued  by  the  com* 
ties.    The  value    of  drainage    has    been  so    manifest,  and    i1 
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ticcessity  so  apparent,  that  counties  have  found  it  wise  to  prose- 
-cute  the  work  on  a  smaller  scale  when  state  aid  was  not  available. 
Townships  also  have  done  a  great  deal  of  work  in  drainage. 

Drainage  and  road  building  here  on  this  level  land  go  hand 
in  hand.  To  make  good  roads  it  is  necessary  to  construct  high 
Toad  grades.  The  making  of  these  grades  and  the  digging  of 
large  ditches  are  accomplished  by  the  same  operation.  These 
-ditches  have  been  very  effectual  in  draining  the  fafms.  I'hey  have 
teen  sufficiently  niunerous  to  be  in  close  proximity  to  most  fields. 
They  might  at  times  have  been  more  effectual  and  often  some 
labor  might  have  been  saved  if  they  had  been  constructed  ac- 
cording to  a  careful  survey.  Occasionally  more  good  could 
have  been  accomplished  if  the  labor  expended  on  making  a  ditch 
on  each  side  of  the  grade  had  been  utilized  in  making  only  one. 
The  road  grade  would  have  been  equally  well  drained,  and  the 
-deeper  ditch  would  have  drained  the  land  better. 

On  most  farms  ditching  is  necessary  in  order  to  carry  the 
ivater  from  the  fields  into  the  lateral  and  roadside  ditches. 

Two  methods  have  been 'tried  in  the  fields  of  Northwest 
Experiment  Farm:  One  is  to  make  shallow  surface  drains  by 
means  of  the  reversible  road  machine.  These  ditches  are  made 
-easily  and  rapidly.  They  cannot  be  made  very  deep,  and  if 
they  are  put  across  a  field  they  can  be  repswred  frequently,  as 
-a  good  deal  of  material  is  carried  into  them  by  the  plow,  har- 
row and  wind.  There  will  necessarily  be  small  ridges  on  each 
side  of  these  ditches,  so  at  intervals  it  will  be  necessary  to  cut 
openings  through  to  admit  the  water.  This  plan  may  be  modi- 
fied by  making  two  broad  ditches  twenty  to  thirty  feet  apart  and 
throwing  the  earth  up  into  a  broad,  flat,  road-like  ridge  be- 
tween, thus  avoiding  the  slight  ridge  at  the  outer  sides  of  the 
<litch.  Into  these  ditches  the  broadened  dead- furrows  men- 
tioned in  the  next  paragraph  may  be  made  to  enter,  thus  reach- 
ing all  parts  of  the  field  with  a  system  of  broad,  flat  ditches 
through  which  the  plow  or  reaper  will  pass  and  in  the  bottoms 
of  which  good  crops  may  be  sown.  This  latter  method  of 
making  cross-field  ditches  is  advantageous  where  the  soil  drifts 
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badly.  By  making  the  bottom  of  the  two  ditches  a  few  feet 
further  apart  in  cleaning  them  out  with  the  reversible  road 
machine  there  is  room  for  throwing  the  dirt  on  the  grade  be- 
tween without  making  it  too  high. 

f^Z  NORTMWBsr 
Cnookston  T^mnesotii, 


'i^> 


Pig.  6.— Plan  of  Parm. 

Anothei-  method,  which  has  proven  very  efficient  and  in- 
expensive, is  ridging  the  land  while  plowing  the  fields.  The 
Experiment  Farm  is  laid  out  in  fields  or  lands,  each  nine  rods 
wide.  (See  Fig.  6.)  These  fields  are  laid  out  parallel  with 
the  slope  of  the  land.    The  plowing  is  started  in  the  middle  of 
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the  land  (see  Fig.  7),  where  two  furrows  are  plowed  against 
each  other.  By  plowing  in  Ais  way,  turning  the  horses  to 
the  right  when  making  the  turns  at  c  and  d,  the  dead  furrows 
will  be  located  at  a,  b,  and  e,  f.  By  continuing  this  system  a 
series  of  years,  the  ditches  are  made  deeper  year  by  year.  No 
ridge  is  formed  on  the  sides  of  the  ditch.     By  commencing  the 


B  ,    P  r 


w////////////////m^^^ 

Fig.  7.— Plowing  in  Ridges. 


plowing  in  this  way,  and  by  varying  the  back  furrows  one  year 
a  little  to  the  right  of  c,  d,  and  another  year  a  little  to  the  left, 
the  dead  furrows  will  be  made  broad  rather  than  deep,  making 
the  fields  gently  undulate  instead  of  being  cut  up  by  deep 
ditches  and  narrow  high  ridges.  This  method  has  been  prac- 
ticed since  the  farm  was  established,  and  the  results  are  very 
satisfactory.  The  lands  are  wide  enough  so  that  there  is  suffi- 
cient water  collected  in  the  ditches  to  make  a  current.  The 
same  method  of  ridging  the  land  has  been  adopted  for  the  for- 
estry plantation  and  for  the  fruit  and  vegetable  gardens.  Mak- 
ing the  lands  more  narrow  brings  the  broad  ditches  closer  to- 
jgethtr. 
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WEEDS. 

The  presence  of  weeds  on  many  farms  in  the  Red  River 
Valley  demands  that  more  rigorous  measures  be  taken  for  their 
destruction.  It  is  plain  that  so  long  as  so  few  pastures, 
meadows,  and  cultivated  crops  are  used  in  rotation  with  grain 
the  farmers  will  find  it  very  difficult  to  keep  the  weeds  in  check. 
Summer  fallowing  may  destroy  many  weeds,  but  it  requires  a 
great  deal  of  labor  during  the  entire  season,  when  no  crop  is 
obtained  from  it. 

Mustard,  wild  oats,  Pigeon  grass,  and  French  weed  are^ 
among  the  worst  weeds  with  which  the  farmers  have  to  con- 
tend. While  some  effort  is  expended  in  their  eradication,  the 
spread  of  these  weeds  each  year  is  greater  than  the  niunbers 
annually  destroyed.  In  Minn.  Bulletin  No.  46,  pp.  373  to 
383,  Prof.  W.  M.  Hays  discusses  the  methods  of  eradicating  the 
first  three  of  the  above-named  weeds.  See,  also,  N.  D.  Bui. 
No.  39,  p.  456. 

The  French  Weed.  (Fig.  8.)  The  writer  regrets  that  from 
experience  he  knows  of  no  simple  nor  practical  method  that  will 
completely  eradicate  French  weed.  Some  farmers  have  reported 
methods  that  have  proven  successful  with  them,  but  other 
farmers  have  tried  the  same  methods  and  failed.  In  order  to 
learn  what  could  be  done,  a  small  tract  of  land  was  rented 
from  Mr.  Nils  Roen,  three  hiiles  south  of  Warren,  for  experi- 
mental purposes.  This  farm  was  so  completely  overrun  with 
French  weed  that  it  seemed  a  very  hopeless  task  to  commence 
farming  it.  Fourteen  methods  were  commenced  with  in  the 
spring  of  1899.  The  experiment  will  continue  for  three  years, 
and  inasmuch  as  only  one  year  has  passed,  no  report  on  results 
can  as  yet  be  made.  Some  things,  however,  have  been  learned. 
If  this  weed  is  to  be  destroyed,  the  work  must  be  done  thor- 
oughly. The  weed  produces  seeds  so  profusely  that  if  one 
plant  is  allowed  to  go  to  seed  a  large  area  of  surrounding  land 
will  soon  be  infested.  If  there  is  one  direction  in  farming  in 
which  thoroughness  is  required,  it  is  in  trying  to  destroy  this 
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weed.  A  slipshod  way  will  not  do,  and  an  ounce  of  preven- 
tion is  worth  a  thousand  pounds  of  cure.  Farmers  whose  farms 
are  free  from  this  weed  should  guard  against  their  incoming 
with  the  utmost  care  and  vigilance. 


Fig.  8.— French  Weed.— After  Britton  ard  Brown'*  Illnstrated  Flora. 

The  following  are  some  of  the  methods  employed  in  the 
experiments:  (i)  Grass  crops;  (2)  cultivated  crops;  (3)  early- 
maturing  crops;  (4)  summer  fallow. 

It  will  readily  be  seen  that  to  make  the  above  crops  profitable 
on  the  farms  they  must  be  fed  to  live  stock.  The  farmers  who 
intend  to  keep  their  lands  free  from  weeds  should  lose  no  time 
in  stocking  them  with  cattle  or  sheep,  or  both. 

Grass  Crops,  While  grasS  crops  will  not  completely  de- 
stroy the  French  weed,  they  serve  a  useful  purpose  in  keep- 
ing it  down  until  the  farmer  can  take  hold  of  the  field  and 
vvork  at  it  systematically.  Many  farms  are  very  large,  and  it 
rnay  at  times  be  wise  to  sow  pxart  of  the  farm  to  Bromus  iner- 
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mis  or  Timothy,  and  keep  it  in  pasture  or  meadow  until  other 
fields  are  cleaned.  Grass  crops  have  a  prominent  place  in  those 
crop  rotations  which  are  most  eflFective  in  weed  destruction. 

Summer  Fallow.  While  the  summer  fallow  is  not  to  be 
generally  recommended,  many  fields  will  continue  to  be  fallowed, 
and  it  is  best  that  the  work  be  done  according  to  some  definite 
plan.  The  usual  manner  of  summer  fallow  does  not  cause  the 
destruction  of  as  many  weeds  as  it  should. 

The  purpose  of  fallow  cultivation  is  to  bring  as  many  weed 
seeds  as  possible  to  the  surface  and  cause  th^n  to  germinate,  that 
they  may  be  destroyed.  To  make  the  weeds  start  as  early  as 
possible  in  the  spring,  disk  or  harrow  the  fields.  When  the 
weeds  are  well  started,  but  before  any  of  them  have  gjone  ta 
seed,  plow  the  land  shallow.  This  will  destroy  those  weeds 
which  were  growing,  and  also  bring  a  fresh  lot  of  seed  to  the 
surface.  Harrowing  every  eight  or  ten  days  will  help  to  ger- 
minate more  and  destroy  those  freshly  started.  Later  on,  when 
the  surface  soil  has  no  more  seed  left  to  grow,  plow  the  land 
deep,  and  continue  the  harrowing.  If  this  field  can  be  put  to 
some  cultivated  crop,  like  com  or  potatoes,  the  succeeding  year, 
the  remaining  seeds  may  be  destroyed  by  the  cultivator  or  hoe. 
Crops  which  may  be  planted  late,  and  yet  will  ripen  fairly  early, 
may  be  used  to  clean  the  land  of  weeds.  The  late  sowing  will 
allow  of  cultivating  early  in  the  season  to  induce  weed  seeds 
to  germinate.  The  weeds  may  then  be  destroyed  while  pre- 
paring the  soil  for  the  crop.  The  effectiveness  of  this  Imiediod 
will  be  proportionate  to  the  thoroughness  with  which  the  work 
is  done. 

Cleaning  With  Early-Maturing  Crops.  By  sowing  an  early 
maturing  crop,  like  barley  or  millet,  the  weeds  will  be  stunted 
from  lack  of  space  to  grow.  The  crop  will  mature  for  hay  or 
seed,  and  may  be  cut  and  removed  before  the  weeds  go  to  seed. 
The  land  may  then  be  plowed  as  soon  as  possible,  and  harrowed 
from  time  to  time  during  the  autumn.  This  method  may  not 
be  as  effectual  as  summer  fallow,  but  it  has  the  advantage  of 
producing  a  crop.    One  part  of  the  land  should  be  thoroughly 
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jcleaned,  and  kept  clean,  rather  than  an  effort  being  made  to 
clean  the  whole  farm  and  thereby  accomplish  nothing. 

In  Europe,  and  later  in  America,  experiments  have  been 
undertaken  to  kill  various  weeds  with  chemicals  which  destroy 
the  weeds  but  do  not  injure  the  crops  among  which  they  gro^. 
Some  of  these  expermients  have  proven  very  promising,  and 
some  chemical  may  be  discovered  with  which  French  weed  may 
be  effectually  eradicated. 
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Upon  the  establishment  of  the  Northeast  Sub-experiment 
Farm  at  Grand  Rapids,  Mirni..  in  1896,  Warren  W.  Pender- 
gast,  Assistant  in  Agriculture,  a  graduate  of  the  School  and 
College  of  Agriculture  of  the  University  of  Minnesota,  was  en- 
trusted with  the  responsibility  of  the  superintendency.  From  the 
first  he  gave  vigorous  attention  to  planning  new  fields,  buildings, 
roads,  fences,  investigation  of  soils,  drainage  of  swamps,  protec- 
tion of  young  timber,  reforesting  the  burned  area,  and  the  de- 
velopment of  grasses,  grain  and  forage  foods. 

Early  in  the  summer  of  1897  he  was  taken  seriously  ill,  and 
died  August  26,  1897.  During  the  brief  time  he  was  engaged 
in  this  important  work,  he  acquired  much  valuable  information 
by  his  experience  and  observation,  and  had  plans  for  the  future 
development  of  the  farm  which  merited  approval.  His  marked, 
clear  perception,  strength  of  purpose  in  accomplishing  work,  his 
good  sense  in  dealing  with  men,  and  his  splendid  character  pe- 
culiarly fitted  him  for  this  position. 

The  work  during  the  summer  and  fall  of  1897  was  placed 
in  charge  of  R.  W.  Clark,  who  was  assisting  Mr.  Pendergast  at 
the  time  of  his  death.  On  February  i,  1898,  Herman  H. 
Chapman,  a  graduate  of  the  School  and  College  of  Agriculture  of 
the  University  of  Minnesota,  was  appointed  superintendent  of 
the  farm,  and  the  work  has  been  continued  under  his  superintend- 
ency along  the  lines  indicated  by  this  bulletin,  prepared  by  him. 
It  being  the  first  publication  of  any  importance  issued  from  the 
Northeast  Sub-experiment  Farm,  it  has  been  made  rather  gen- 
eral in  its  scope,  and  is  intended  as  a  popular  treatise  on  the 
agriculture  of  the  pine  region. 

The  work  done  and  the  results  obtained  have  been  set  forth 
in  a  way  intended  to  emphasize  certain  fundamental  principles  of 
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successful  farming  in  that  region.  An  earnest  effort  has  been 
made  to  reach  and  benefit  the  actual  settlers.  Many  of  these  have 
had  but  little  experience  in  farming.  For  this  reason  all  facts 
of  possible  benefit  to  such  individuals  have  been  carefully  stated. 
In  treating  so  many  subjects,  the  space  allotted  to  each  is  neces- 
sarily limited. 

WILLIAM  M.  LIGGETT, 

Director. 
St.  Anthony  Park.,  Minn.,  December,  1899. 
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NORTHEAST  SUB-EXPERUERT  FARl. 

HERMAN  H.  CHAPMAN. 


LOCATION  AND  DESCRIPTION- 

The  Northeast  Sub-experiment  Farm  of  the  University  of 
Minnesota  was  provided  for  by  the  legislature  of  1895.  The 
site  was  chosen  April  16,  1896,  and  the  state  acquired  title  to  tlie 
property  in  July,  1896,  in  which  year  the  work  commenced.  The 
location  selected  was  in  the  vicinity  of  Grand  Rapids,  ninety 
miles  northwest  of  Duluth,  on  what  was  then  the  Duluth  ft 
Winnipeg  Railroad.  This  road  has  since  become  a  part  of  the 
Great  Northern  Sjrstem,  connecting  Duluth  and  Crookston. 

The  farm  lies  two  miles  east  of  town;  it  includes  the  East 
one-half  (E.  J4)  of  Section  Fifteen  (15),  Range  Twenty-five 
(25)  W.,  Township  Fifty-five  (55)  N.,  and  Lots  Six  (6),  Seven 
(7)  and  Sight  (8)  of  Section  Fourteen  (14),  lying  along  the  west 
bank  of  the  Prairie  River ;  in  all,  about  three  hundred  and  sev- 
enty-five acres.  The  object  in  establishing  this  farm  was  to  study 
the  agricultural  possibilities  and  investigate  the  problems  of  that 
great  district  in  northern  Minnesota  known  as  the  "Pine  Region." 
This  was  to  be  accomplished  by  means  of  carefully  conducted 
experiments,  dealing  with  questions  which,  on  account  of  peculiar 
local  conditions,  could  best  be  determined  by  experiments  con- 
ducted in  this  region.  The  nature  of  the  work  requires  the  an- 
nual outlay  of  a  considerable  amount  of  money,  which  must  be 
regarded  as  an  investment  by  the  state  in  obtaining  results  and 
facts  which  the  farmer,  unaided,  cannot  secure. 

This  region  was  originally  covered  with  pine,  hardwood  and 
swamps.  It  extends  from  the  northern  boundary  of  the  state 
south  for  two  hundred  miles,  and  from  Lake  Superior  one  hun- 
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dtedand .^y  miles  wei^vf^rd  to  the  Red  River  Valley,  and  com- 
prises over  one-third  of  the  total  area  of  the  state.  In  this  vast 
territory  there  is  quite  a  range  of  climatic  conditions  and  a  g^eat 
variety  of  soils  and  timber,  which  made  it  necessary  to  choose  a 
location  for  the  station  where  the  results  of  the  work  would  be 
most  widely  applicable.  Most  of  the  settlement  has  heretofore 
been  to  the  south  of  Grand  Rapids.  Yet  this  point  is  more  nearly 
in  the  center  of  the  pine  region  than  any  other  site  considered  at 
that  time.  Its  northern  location  is  an  advantage  in  testing  crops  of 
all  kinds  for  hardiness. 

The  farm  itself  contains  as  great  a  variety  of  soil  conditions 
as  can  be  hoped  for  on  a  single  section,  all  distinct  types  being 
represented  except  the  dense  red  clay  of  the  Duluth  district.  The 
portion  which  was  first  cleared  is  a  light  sandy  loam  soil,  such  as 
is  found  over  large  areas  and  usually  grows  Jack  or  Norway  pine. 
Such  soils  may  be  underlaid  with  clay,  but  at  variable  depths. 
They  represent  the  poorest  class  of  soils,  very  fertile  for  a  few 
years,  but  i:equiring  careful  management  to  retain  their  strength. 
Near  the  Prairie  River  the  underlying  clay  rises  close  to  and  finally 
reaches  the  surface,  forming  a  light-colored  clay  soil  of  g^eat  value. 
These  clay  soils  are  unevenly  distributed  over  northern  Minne- 
sota and  are  found  sometimes  in  large  'tracts,  generally  near 
watercourses  and  lakes.  On  the  west  side  of  the  farm,  border- 
ing a  large  swamp,  the  soil  is  a  fine  silt,  and  low  lying.  With  good 
drainage  this  is  proving  to  be  a  very  fertile  field.  The  swamp 
mentioned  is  of  the  type  called  "Muskeg,"  an  adopted  Indian  word. 
It  is  too  wet  to  grow  tamarack,  and  is  filled  to  a  level  surface  with 
an  accumulated  vegetable  growth  forming  a  thick  layer  of  peat, 
or  mucki  upon  which  grows  a  mat  of  sphagnuto  moss  and  low 
shrubs.  This  peat  may  be  from  one  to  thirty  feet  deep  and  rests 
usually  upon  a  bed  of  clay  or  a  marl  deposit.  In  some  districts, 
swamps  of  this  character  are  found  that  cover  many  square  miles, 
and  they  are  widely  distributed.  This  muskeg  and  a  smaller  one 
are  so  situated  that  they  can  be  drained ;  and  the  methods,  cost,  and 
practical  results  of  bringing  them  under  cultivation  determined. 
The  opportunity  thus  given  to  deal  with  a  problem  of  such  wide 
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application  was  clearly  recognized  in  selecting  this  site.    On  Ac 
north  quarter  section  lies  a  tamarack  swamp  and  natural  meadow, 
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PlfC.  1. — General  Plan  of  the  NorttaeastSub-Bxperiment  Farm,  Grand  Rapids,  Miaa. 

such  as  is  found  along  river  banks  and  streams  where  the  soil 
has  had  sufficient  drainage  to    prevent  the    formation    of  the 
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muskegs.  All  the  marketable  pine  had  been  removed  from  the 
land  before  its  aquisition,  but  there  remained  a  large  quantity  of 
timber  of  other  kinds.  All  land  near  the  river  not  swampy  bore 
a  heavy  growth  of  poplar  and  birch,  with  some  oak,  elm  and  balsam 
fir.  On  the  higher  land  Jack  pine  is  prevalent  and  there  are  sev- 
eral promising  gloves  of  young  White  and  Norway  pine. 

EQUIPMENT. 

Buildings. — The  buildings  on  the  farm  consisted  of  a  five- 
room  dwelling,  a  horse  barn  for  four  teams,  a  chickenhouse,  root- 
house  and  icehouse.  The  house  has  been  completely  transformed 
into  a  modem  farmhouse  of  ten  rooms,  and  now  provides  ample 
accommodation  for  the  station  force.  Two  lean-to  sheds  have 
been  added  to  the  bam,  serving  as  shelter  for  machinery  and 
wagons,  with  lofts  for  storing  seeds  and  tools.  The  roothouse, 
originally  built  of  Norway  timber,  was  found  to  be  completely 
rotted  out.  The  old  timbers  were  removed  and  a  new  roothouse 
built  of  stone  with  cedar  timbers  for  the  roof  covered  with  five  feet 
of  earth.  The  doors  admit  the  entrance  of  a  wagon,  which  saves 
much  time  in  handling  potatoes  or  roots.  A  pigpen  has  been 
constmcted,  and  the  chickenhouse,  which  was  much  too  large,  has 
been  transformed  into  a  sheepshed,  for  which  it  is  well  adapted. 
A  watertank  holding  thirty  barrels  has  been  mounted  in  the 
tower  of  the  windmill  and  pipes  laid  to  the  house,  barn  and  sheep- 
shed.  Below  this  tank  and  over  the  pump  was  built  a  stone 
milkhouse.  The  tank  was  incorporated  into  the  roof  of  this  house 
as  a  tower.  To  protect  the  tank  against  freezing  it  was  boarded 
in,  leaving  an  air  space  which  was  filled  with  cut  straw.  The 
outside  was  papered  and  shingled.  This  has  proven  entirely  satis- 
factory. The  walls  of  the  milkhouse  were  built  of  stone,  taken 
from  the  field,  laid  with  their  rounded  surfaces  exposed,  giving  a 
very  pretty  effect.  The  floor,  with  a  drain  in  the  center,  is  ce- 
mented. This  house,  which  is  thus  in  direct  connection  with  the 
water  supply,  is  used  in  separating  the  cream  and  in  chuming. 
Some  machinery  was  purchased  with  the  farm,  and  subsequent 
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additions  have  well  equipped  it.  The  acreage  which  has  been 
fully  cleared  of  stumps  makes  it  practicable  to  use  all  modem 
farm  machinery  in  place  of  the  primitive  methods  necessary  on 
partially  cleared  fields.  At  present,  the  station  possesses  the 
only  self-binder  and  threshing  machine  in  the  county,  but  mowers 
are  coming  into  general  use,  and  other  modem  machinery  will 
soon  follow. 

Live  Stock, — The  farm  has  always  kept  a  pure-bred  bull 
of  one  of  the  milk  breeds,  and  is  building  up  a  herd  for  dairy 


Pig.  2.— New  Farm  House,  Northeast  Snb-Rxperiment  Farm. 


purposes  by  upgrading  common  stock  and  raising  the  cross-bred 
heifers.  Pure-bred  swine  are  kept  and  the  young  stock  regis- 
tered and  sold  at  reasonable  prices  to  settlers.  A  carload  of  one 
hundred  ewes  of  western  grade  Merino  sheep  were  imported  in 
the  fall  of  1898,  half  of  which  were  sold  to  settlers  in  the  neigh- 
borhood, and  half  retained  on  the  farm.  This  type  of  sheep  was 
selected  as  being  hardy  and  vigorous,  well  able  to  stand  cold  and 

.Digitized  by  VjOOQIC 


LOCATION  AND  DESCRIPTION.  695 

exposure,  and  better  fitted  than  any  other  to  use  in  clearing  up 
brush  land.  They  will  make  a  vigorous  foundation  stock  for 
improvement  by  crossing  upon  them  one  of  the  improved  mut- 
ton breeds.  As  soon  as  possible,  a  bam  will  be  built  for  the 
dairy  herd,  which  is  now  quartered  in  the  horse  bam.  The  num- 
ber can  then  be  considerably  increased.  It  is  the  object  of  the 
station  to  have  enough  live  stock  to  consume  all  the  roughage 
raisfed  on  the  farm,  thus  giving  a  large  supply  of  manure  and 
maintaining  the  fertility  of  the  soil. 

CLEARING  THE  FARM. 

The  land  already  cleared  when  the  farm  was  acquired  com- 
prised about  seventy,  acres,  most  of  which  had  been  very  easily 
brought  under  cultivation.  A  large  part  of  it  was  light  soil,  and  it 
had  been  necessary  to  remove  only  a  growth  of  brush,  scat- 
tering trees  and  stumps.  The  cleared  area  has  since  been  in- 
creased to  one  hundred  and  twenty  acres.  The  new  clearing  has 
been  done  in  a  way  to  straighten  the  outlines  of  the  fields,  bring  the 
clear  portion  of  the  farm  into  a  compact  body,  and  bring  under 
cultivation  those  fields  which  contained  the  best  soil  and  gave  the 
most  uniform  conditions  for  experiment  work.  Most  of  the  land 
is  too  rolling  to  be  useful  for  field  experiments,  but  some  of  the 
newly  cleared  land  is  level  and  uniform,  gfiving  conditions  where 
it  is  possible  to  conduct  experiments  requiring  close  comparison 
on  similar  plots  of  ground.  Two  fields,  aggregating  about  twen- 
ty-five acres,  were  cleared  next  to  the  river,  out  of  the  heaviest 
growth  of  timber  on  the  farm.  The  cordwood  was  cut  at  seventy- 
five  cents  per  cord,  and  yielded  from  twenty-five  to  thirty  cords 
per  acre.  The  tops  were  then  piled  and  bumed,  and  the  stumps 
pulled  with  a  windlass  stump  puller,  cleared  of  dirt  and  burned, 
leaving  the  field  ready  for  the  plow.  This  work  was  done  by  con- 
tract for  thirty  dollars  per  acre,  and  the  value  of  the  labor 
actually  put  upon  it  came  fully  to  this  figure.  It  was  neces- 
sary to  clear  this  land  completely  at  one  operation,  as  the  piece 
was  needed  for  experiment  work.     The  cost  was,  consequenUy, 
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Fig.  3.— Milk  Honsc  and  Water  Tank. 
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higher  than  if  slower  methods  had  been  used.  It  is  seldom  best 
to  pull  stumps  at  once,  provided  they  can  be  prevented  from 
sprouting.  Stumps  of  deciduous  trees,  cotamonly  called  hard- 
wooa  to  distinguish  them  from  evergreens,  rot  in  four 
to  seven  years.  Pine  stumps  are  slow  to  rot,  as  the 
resin  they  contain  preserves  them  from  decay,  but  if  al- 
lowed to  'Stand  a  few  years  the  smaller  roots  rot  off  and 
they  bring  up  much  less  dirt  with  them  when  pulled.  The 
stumps  pulled  on  this  field  by  means  of  a  windlass  stump  puller 
brought  up  large  masses  of  earth,  leaving  g^eat  holes  in  the 
field.  This  dirt  had  to  be  detached  with  picks  before  the  stumps 
would  bum  properly.  The  labor  of  pulling,  and  the  cost  of 
handling  and  piling,  was  much  greater  than  it  would  have  been 
with  rotten  stumps.  To  keep  down  the  sprouts  and  get  some 
return  from  the  land  while  this  rotting  process  is  going  on,  it  is 
wise  to  seed  down  and  pasture  the  field,  or,  when  the  stumps  are 
not  too  thick,  to  plow  between  them  for  grain  crops.  These  are 
the  only  methods  practicable  for  a  man  of  small  means,  as  it  both 
reduces  the  expense  and  distributes  the  labor  over  a  number  of 
years.  When  the  ground  is-  thickly  covered  with  large  pine 
stumps  the  expense  of  removing  them  is  very  great.  If  pulled 
entire,  they  require  a  powerful  machine,  and  are  very  bulky  and 
troublesome  to  handle  afterwards.  If  dynamite  is  used  it  requires 
a  heavy  charge  to  dislodge  them.  The  method  which  has  seemed 
to  give  best  results  is  to  use  a  charge  sufficiently  heavy  to  split 
the  stump  into  two  or  more  pieces  and  then  to  pull  the  pieces 
separately  with  a  stump  puller.  Dynamite  has  been  used  on  the 
farm  in  removing  stumps  to  study  its  comparative  cost  and  effi- 
ciency. A  charge  of  one-half  to  one  and  one-half  pounds  will  re- 
move poplar  or  other  "hardwood"  stumps,  one  to  one  and  one-half 
feet  in  diameter,  split  them  so  that  it  is  an  easy  matter  to 
remove  the  pieces.  The  charge  is  inserted  beneath  the  stump  in  a 
hole  made  with  a  crowbar  or  auger.  Stumps  so  removed  are 
quite  clear  of  dirt  and  may  be  piled  up  and  burned  to  better 
advantage  than  stumps  which  are  removed  wholly  by  means  of 
the  stump  puller.    Taking  these  points  into  consideration,  the 
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cost  of  removing  such  stumps  with  dynamite  will  probably  aver- 
age about  the  same  as  in  pulling  them,  but  it  is  more  expeditious 
and  does  away  with  over  half  of  the  heavy  hand  labor. 

Fire  is  the  greatest  aid  the  settler  has  in  clearing  land,  but 
it  can  easily  be  abused.  Many  districts  have  been  first  opened  to 
extensive  settlement  by  the  work  of  fierce  forest  fires  which  burned 
nearly  every  vestige  of  rubbish  from  the  ground.  Settlers  are 
thus  apt  to  regard  fires  as  only  a  benefit,  especially  where  there 
is  but  little  valuable  timber  and  a  poor  market  for  cordwood. 


Fig.  4. — Bxperimental  Gardens  and  Field. 

They  do  not  realize  the  nature  or  extent  of  the  injuries  resulting. 
Fires  thus  set  are  seldom  kept  under  control.  In  a  dry  time  they 
may  do  immense  damage  to  standing  timber  and  to  buildings, 
fences,  and  persQnal  property.  They  are  almost  sure  to  injure 
young  timber,  which,  if  not  sp  destroyed,  might  be  valuable 
later.  Lastly,  they  have  a  very  injurious  effect  on  the  land  itself. 
In  its  natural  state  the  soil  in  this  region,  almost  all  originally 
wooded,  is  both  filled  and  covered  with  an  abundant  supply  of 
decaying  vegetable  matter,  such  as  dead  leaves  and  roots.    This 
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rotten  material  is  known  as  ''humus/'  It  has  the  power  of  ab- 
sorbing and  holding  a  great  deal  of  water,  so  that  a  soil  plentifully 
supplied  with  it  may  have  twice  the  power  to  resist  drought  that 
it  would  posses  without  the  htmius.  Humus  is  a  plant  food 
itself,  and  by  its  presence  and  decay  sets  free  more  plant  food  in 
the  soil.  A  sandy  soil  without  htunus  will  soon  wear  out,  but  with 
an  abundant  supply  of  humus  kept  up  by  proper  crop  rotations, 
its  fertility  may  be  maintained.  Severe  burning  in  a  dry  time  will 
bum  up  and  waste  the  humus,  even  that  which  is  in  the  upper  por- 
tion of  the  soil.  If  such  means  are  adopted  to  clear  the  land 
the  loss  of  fertility  will  in  many  cases  more  than  offset  the  sav- 
ing in  the  cost  of  clearing.  The  use  of  fire  should  be  limited  to 
seasons  and  conditions  when  the  ground  is  damp  enough  for  its 
own  protection.  It  may  sometimes  be  advisable  to  set  a  running 
fire  over  land  to  be  cleared  when  the  soil  is  not  too  dry  and  where 
there  is  good  opportunity  to  control  it,  and  the  rubbish  is  very 
thick  on  the  ground,  but,  in  general,  fire  should  only  be  used  for 
burning  briishheaps  and  piles  of  logs  and  stumps.  This  latter 
was  the  method  used  on  the  fields  cleared  next  to  the  river  on 
Northeast  Farm.  The  soil  here  was  covered  with  a  deep  layer 
of  himius,  and  had  evidently  never  been  burned  over.  This  was 
not  injured  in  clearing  and  was  turned  under  and  mixed  with  the 
soil,  thus  insuring  the  fertility  of  this  field  for  many  years. 

Having  obtained  ground  suited  to  its  immediate  needs,  N.  E. 
station  can  now  practice  more  economical  methods  of  clearing. 
The  flock  of  fifty  ewes,  purchased  in  1898,  are  being  used  in  this 
work.  A  pasture  of  thirty  acres  was  fenced  off  for  them  in  the 
woods.  It  is  intended  with  their  assistance  to  clear  this  up  grad- 
ually. The  trees  are  being  cut  into  cordwood  and  the  tops  burned. 
All  brush  which  is  too  high  for  the  sheep  to  reach  is  cut  down 
with  the  birush  scythe.  The  sheep  in  one  season  have  prevented 
the  growth  of  all  new  sprouts  wherever  this  has  been  done,  and 
give  promise  in  another  season  of  compl€?tely  killing  the  under- 
brush in  this  pasture.  Their  manure  is,  at  the  same  time,  greatly 
benefiting  the  soil.  This  pasture  is  so  arranged  that  the  sheep 
may  be  turned  into  a  field  where  some  pasture  crops  are  provided. 
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in  case  the  feed  in  the  woods  becolnes  exhausted.  This  is  likely  to 
occur  in  the  fall.  Sheep  of  the  grade  used  seem  to  do  well  on 
the  rough  feed  in  the  woods  with  no  other  pasture,  but  prob- 
ably this  will  not  be  true  of  the  improved  breeds.  By  so  ar- 
ranging the  sheep  pasture  that  the  sheep  are  confined  to  the 
woods  in  the  morning,  and  are  allowed  access  to  better  pasture  in 
the  afternoon,  the  best  of  the  mutton  breeds  may  be  grown  with 
profit,  without  losing  their  usefulness  in  the  work  of  clearing 
lands.     It  is  found  best  to  have  the  sheepshed  accessible  at  all 


Fig.  S.— Flock  of  Western  Sheep  Used  in  Clearing  Brtasta  Land. 

times  in  the  summer,  allowing  the  sheep  to  choose  their  own  time 
for  feeding  and  to  escape  from  the  attacks  of  flies  and  from  the 
heat. 

Cattle  will  aid  in  clearing  by  browsing,  but  their  work  is  very 
incomplete  and  in  no  way  comparable  to  that  of  sheep.  Where 
wolves  are  abundant  it  may  not  be  profitable  to  raise  sheep,  but 
this  is  not  true  of  many  sections. 

This  problem  of  clearing  the  land  is  the  foremost  one  which 
confronts  the  settler  and  will  occupy  a  large  portion  of  his  time 
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and  thought.  The  cost  of  complete  clearing  will  vary,  as  was 
seen,  with  the  methods  employed,  length  of  time  consumed, 
and  with  the  character  of  the  timber  and  soil.  For  better 
soils  it  will  range  between  six  and  thirty  dollars  per  acre, 
although  some  poorer  or  sparsely  timbered  land  may  be  cleared 
at  a  lower  figure.  This  expense  should  be  borne  in  mind  in 
placing  a  market  value  on  uncleared  land  intended  for  agricul- 
tural purposes.  Speculators  should  not  make  the  mistake  of  sup- 
posing that  such  lands,  if  bought  at  a  low  figure,  will  find  a  ready 
sale  at  double  or  treble  the  price  in  the  near  fixture.  The  class 
of  settlers  that  have  the  means  to  pay  good  prices  for  land  will 
prefer  to  buy  where  they  can  obtain  land  already  cleared,  if  they 
can  get  it  for  less  than  it  would  cost  them  to  buy  and  clear  'these 
lands.  The  selling  price  of  this  uncleared  land  should  remain  low. 
This  region  must  and  will  be  developed  by  the  man  of  small 
means,  but  large  endeavor,  who  values  a  home  and  independence 
above  ease  and  comfort;  whose  capital  is  his  strength,  and  who 
will  create  by  his  labor  and  perseverance,  in  improvements,  the 
value  of  the  farm  he  could  not  have  purchased  outright.  Home- 
stead land  and  low-priced  land  enable  such  men  to  acquire  title 
to  a  farm  which  they  can  clear  up  gradually,  supporting  them- 
selves, in  part  by  selling  cordwood  or  working  in  the  woods  in 
winter,  until  the  farm  is  cleared  sufficiently  to  maintain  them  and 
their  families. 
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DRAINAGE. 

The  first  necessity  in  subduing  swamp  land  is  proper 
drainage.  The  two  muskeg  swamps  on  the  farm  were  so  situated 
that  they  could  be  well  drained  by  constructing  a  rather  deep  ditch, 
lessening  in  depth  as  the  ground  fell  away  towards  the  river. 
This  ditch  was  dug  in  1896-97,  and  was  nearly  a  mile  in  length. 
It  lowered  the  water  in  the  muskeg  about  a  foot  and  per- 
mitted the  cultivation  of  the  adjoining  fields.  In  1898  the  ditch 
was  deepened,  to  drain  the  swamp  to  a  greater  depth.  The  action 
of  the  frost  and  water  on  the  sides  of  the  ditch  thus  deepened 
caved  them  in  badly  and  made  it  impossible  to  maintain  the  de- 
sired depth  without  too  great  an  excavation.  In  1899  the  ditch  was 
dug  out  again  to  a  permanent  depth  and  made  two  feet  six  inches 
wide  at  the  bottom.  Straight  tamarack  poles  sixteen  feet  longwere 
laid  along  the  sides  as  cribbing.  These  were  held  in  place  by  posts 
about  three  inches  thick  driven  into  the  bdttom  of  the  ditch  op- 
posite each  other  about  four  feet  from  each  end  of  the  timbers, 
which  were  notched  to  receive  them.  The  posts  of  each  pair  were 
held  apart  by  a  cross-piece  notched  at  the  ends  and  inserted  be- 
tween 'them.  This  cribbing  runs  throughout  the  deeper  portion 
of  the  ditch  and  into  the  muskeg,  until  the  muck  is  reached,  where 
it  becomes  unnecessary.  The  first  outlay  is  rather  large,  but  the 
work  is  lasting  and  in  this  case  absolutely  necessary.  For  lack  of 
the  additional  depth,  now  secured,  no  work  could  be  done  in  the 
swamp  during  the  vve't  season  of  1899.  It  is  thought  that  this 
form  of  ditch  is  more  practical  than  a  large  tile  drain  for  such 
conditions  where  the  ditch  must  be  dug  through  soil  which  will 
wash  or  fall  down  along  its  sides,  as  it  can  be  constructed  from 
material  at  hand  and  is  less  expensive  than  tile  in  this  northern 
country.  It  is  not  always  necessary  to  protect  the  sides  of  a 
ditch  from  caving.  Ditches  in  the  swamp  itself  need  no  support, 
as  the  peat  retains  its  form  and  upholds  the  sides  of  the  ditch. 
Where  shallow  enough  the  sides  can  be  given  sufficient  slant  to 
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prevent  such  caving.      Many  swamps  and  small  bogholes  are 
easily  drainied  by  a  shallow  ditch. 

The  first  ditch  was  dug  across  the  south  end  of  the  swamp, 
cutting  off  about  one-half  acre  to  the  south.  A  ditch  was  then 
dug  running  north  at  right  angles  to  the  first,  and  then  west, 
parallel  with  the  first  ditch,  thus  enclosing  about  two  acres  of 
the  muskeg.  Short  lateral  covered  drains  will  probably  need 
to  be  constructed  to  drain  the  interior  of  this  piece,  but  by 
running  the  ditch  around  it  in  this  manner  the  flood  water  from 


Fig.  6. — Draining  a  Mnskesr  With  an  Open  Ditch. 

the  adjoining  highland  is  completely  excluded  from  flowing 
through  and  over  the  undrained  portion  of  the  swamp.  In 
1899  the  portion  so  drained  was  comparatively  dry  in  spite  of 
the  imperfect  condition  of  the  outlet  ditch,  while  water  was 
running  into  the  ditch  at  all  points  on  the  opposite  side.  Cov- 
ered drains  can  be  made  by  opening  the  ditch  as  for  laying  tiles, 
filling  in  the  bottom  with  poles  two  or  three  inches  in  diameter, 
then  a  layer  of  shrubs  or  limbs  of  trees,  and  filling  the  ditch 
with  the  peat  taken  out  in  opening  it. 
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CULTIVATION  OF  PEATY  SOILS. 

The  typical  muskeg,  such  as  this,  is  always  covered  with  a 
^hick  layer  o?  the  peculiar  moss  known  as  "sphagnum,"  which,  on 
account  of  its  power  of  holding  water,  is  used  by  nurserymen  as 
packing  material  for  nursery  stock.  Through  this  g^ows  a  low 
shrub  with  long  roots,  binding  the  moss  into  a  stiff  mat  of  vegeta- 
tion. This  must  be  gotten  rid  of  by  some  means  before  any  use 
can  be  made  of  the  soil.  Burning  is  not  very  successful ;  the  moss 
will  remain  damp  until  the  water  is  nearly  all  dried  out  of  the 


Pigr.  7.— Muskei;  After  Clearing,  Draining  and  Breaking. 


lower  layers.  Burning  before  the  moss  is  thoroughly  dry  will  ac- 
complish but  little,  as  the  fire  skims  over  the  surface  and  leaves 
the  bulk  of  it  intact.  When  the  swamp  is  dry  enough  for  the  moss 
to  bum  thoroughly,  which  seldom  occurs  unless  it  is  drained,  there 
is  greater  danger  of  the  fire  getting  irito  the  lower  layers  of 
the  peat  and  burning  for  a  long  time,  leaving  large  irregular  holes 
in  the  surface,  and  thus  doing  great  damage.  It  is  not  practicable 
to  turn  this  moss  under  with  a  plow.  It  is  too  difficult  to  cut  with 
the  coulter,  and  rolls  up  in  large  masses  and  is  slow  to  decay,  so 
that  an  attempt  to  plow  it  will  leave  the  land  in  worse  condition 
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than  before.  When  this  fact  had  been  sufficiently  demonstrated 
by  trial  a  new  method  was  adopted.  The  moss  was  stripped  from 
the  portion  of  the  swamp  south  of  the  ditch  by  pulling  it  loose  with 
potato  hooks  and  carting  it  to  one  side,  leaving  the  compact  lower 
peat  exposed.  A  clean  furrow  was  easily  turned  in  this  soil,  and 
the  whole  piece  was  broken  with  a  plow.  The  expense  of  removing 
the  moss  by  this  process  makes  it  impracticable  to  apply  it  on  a 
large  scale;  but  it  is  thoroughly  efficient.  Cheaper  methods  will 
be  tried  for  getting  rid  of  the  moss.  It  will  probably  be  possible 
to  pull  the  moss  loose  from  the  peat,  or  even  overturn  it,  and  thus 
dry  and  burn  it  successfully  where  it  lies. 

The  small  piece  first  cleared  is  ready  for  the  experimental 
work  to  test  its  capacity  for  crop  production,  which  will  begin 
in  1900.  This  muskeg  represents  the  type  of  swamp  land  most 
difficult  to  subdue  and  of  most  doubtful  value  to  agriculture. 
Swamps  bearing  a  growth  of  large  tamarack  or  spruce  are,  when 
properly  drained,  sometimes  cleared  at  a  much  smaller  cost  per 
acre  than  their  appearance  would  indicate.  This  is  due  to  the 
manner  of  growth  of  the  roots,  which  spread  over  the  surface  and 
have  no  tap  roots  to  remove  in  pulling.  Such  swamp  land  wit 
usually  make  a  fertile  and  lasting  soil. 
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The  general  lines  of  farm  policy  pursued  are  such  as  arc  best 
calculated  to  maintain  the  fertility  of  the  farm  and  at  the  same 
time  give  profitable  crops.  The  soil  over  a  portion  of  the  farm 
is  sandy,  resembling  that  found  over  a  large  portion  of  north- 
eastern Minnesota.  Such  soil  will  produce  large  crops  for  a  few 
years,  but  if  carelessly  farmed  and  kep^  continuously  in  potatoes 
or  grain  without  manure,  it  cannot  be  expected  to  retain  its  fer- 
tility. The  principle  means  for  accomplishing  this  end  arc 
manuring  and  a  proper  rotation  of  crops,  in  which  grass  and 
cultivated  crops  alternate  with  grain.  To  produce  all  the  manure 
possible  and  to  feed  on  the  farm  most  of  the  produce  raised  on  it, 
so  as  not  to  remove  the  fertility  from  the  farm  in  the  crops  sold, 
it  is  necessary  to  keep  all  the  stock  the  farm  will  support  Every 
farmer  in  Northeastern  Minnesota  should  keep  as  much  stock  as 
the  nature  of  his  farm  and  methods  of  farming  will  allow.  The 
live  stock  on  Northeast  Farm  have  been  steadily  increased, 
but  has  not  yet  reached  the  point  where  all  of  the  field  products 
are  consumed  on  the  farm.  The  manure  obtained  from  the  stables 
in  the  summer  is  composted  and  spread  in  the  fall,  but  during  the 
winter  it  is  hauled  direct  to  the  fields  and  spread.  Stable  manure 
is  the  cheapest  and  best  manure  to  use  on  this  class  of  soils.  It  is 
produced  on  the  farm,  and  the  straw  and  litter  with  which  it  is 
mixed  change  to  humus  in  the  soil.  The  manure  rots  gradually 
and  lasts  more  than  one  season.  Coipniercial  fertilizers,  on  the 
other  hand,  represent  an  outlay  of  money,  and  their  eflfect  will 
seldom  be  noticeable  after  the  first  one  or  two  seasons,  as  they 
soon  wash  out  of  a  loose  grained  soil. 

The  application  of  manure  is  second  in  importance  to,  and 
only  a  part  of  the  general  plan  of  cropping  to  be  pursued  on 
the  farm.  Even  if  the  cleared  area  is  small  and  it  is  necessary 
to  keep  a  large  acreage  in  permanent  pasture  where  the  stumps 
have  not  been  removed,  the  crop  on  the  clear  fields  should  be 
rotated,  and  potatoes  or  grain  should  not  be  grown  continuously 
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on  the  same  ground.  The  kind  of  rotation  pursued  will  depend 
upon  the  amount  of  live  stock  upon  the  farm.  It  will  be  hard  to 
plan  a  rotation  that  will  maintain  the  soil  in  good  condition,  unless 
crops  such  as  clover  and  fodder  com,  are  raised  to  be  fed  on 
the  farm  and  the  manure  returned  to  the  soil.  Upon  the  North- 
east Farm  the  principal  field  crops  are  fodder  corn,  oats  and  tame 
hay,  mixed  clover  and  timothy.  These  crops  are  all  fed,  as  far 
as  needed,  on  the  farm.  The  manure  thus  obtained  is  applied  to 
ground  intended  for  com  and  plowed  in  the  spring.  The  com 
gfTound,  which  is  kept  clean  of  weeds,  is  put  into  oats,  using  the 
disk  harrow  to  prepare  the  soil  instead  of  plowing  it.  Clover  and 
timothy  seed  are  sown  with  the  oats.  The  hay  crop  will  be  largely 
clover  the  first  year  and  the  year  followng  will  consist  mostly  of 
timothy.  The  sod  is  allowed  to  lie  only  two  years  when  it  is 
plowed  up  and  again  put  into  oats  or  com.  The  rotation  may 
consist  of  fodder  com,  oats,  meadow  two  years,  then  oats,  spread- 
ing the  manure  on  the  oat  stubble  and  again  planting  fodder  com, 
making  a  five-year  rotation.  By  putting  the  sod  ground  into 
oats  and  again  seeding  down,  a  three-year  rotation  will  be 
established.  This  latter  rotation  has  been  practiced  on 
fields  which  it  was  not  possible  to  supply  with  manure. 
By  shortening  *the  meadow  to  one  year  the  second  growth  of  clover 
of  that  year  may  be  plowed  under  as  a  green  manure.  This  has 
been  done  on  a  part  of  the  meadow  the  past  season.  This  is  an 
economical  way  of  supplying  a  large  quantity  of  humus  to  the  soil 
and  the  benefits  derived  from  the  decaying  clover  in  the  soil  will, 
in  the  increased  yield  of  grain,  offset  the  disadvantage  of  losing 
the  meadow.  The  general  effect  of  these  rcftations  is  to  maintain 
or  increase  the  fertility  of  even  very  poor  soil.  The  manure  and 
the  sod  contribute  to  this  result,  but  the  part  that  the  clover  plays 
is  important  and  must  be  clearly  understood.  Clover  and  plants 
related  to  it,  as  peas,  have  the  power  of  collecting  nitrogen  from 
the  air  and  leaving  it  in  the  soil.  No  other  class  of  plants  can  do 
this,  but  depend  upon  the  nitrogen  already  in  the  soil  for  a  part 
of  their  food.  Nitrogen  is  the  most  easily  wasted  and  soonest 
exhausted  of  all  ptent  foods  in  the  soil,  and  this  power  of  the 
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clover  to  increase  instead  of  diminish  the  supply  of  nitrogen  ac- 
counts for  its  wonderful  fertilizing  action  upon  soils. 

These  rotations  are  not  the  only  ones  that  can  be  practiced. 
Pototoes  and  roots,  winter  rye  and  crops  for  pasture,  will  necessi- 
tate a  different  order  of  cropping,  but  the  general  plan  outlined 
above  can  be  followed  with  profit  under  many  conditions. 

While  the  results  obtained  in  the  work  so  far  have  shown  the 
advantages  of  such  rotations,  experiments  have  also  been  started 
to  demonstrate  by  actual  tests  the  comparative  effects  of  nimierous 
different  rotations  and  their  suitability  for  the  many  soil  conditions. 
Plots  hs^ve  been  laid  off  on  ground  as  uniform  as  can  be  obtained, 
and  this  year's  crop  of  hay  has  been  cut  from  each  plot  separately 
to  compare  the  yields  of  the  plots.  The  results  have  shown  a  satis- 
fartory  uniformity  of  yield  from  the  different  plots,  showing  that 
the  several  plots  are  nearly  equal  in  fertility  and  other  character- 
istics. On  each  of  these  plots  a  different  plan  of  crop  rotation  will 
be  inaugurated,  and  the  result  of  a  trial  for  a  series  of  years  will 
show  the  effect  of  the  rotation  on  the  soil  and  the  relative  profits 
of  the  crops  produced. 

VARIETY  TESTS. 

As  the  conditions  of  soil  and  climate  existing  in  the  pine  re- 
gion are  peculiar  to  this  section,  it  appears  reasonable  that  some 
varieties  of  grain  and  other  crops  will  prove  better  adapted  to 
these  conditions  than  will  others.  To  seek  to  determine  by  careful 
comparison  and  trial  what  varieties  are  best,  and  then  if  possible 
to  propagate  them  for  distribution,  has  been  one  of  the  chief  aims 
in  the  work  of  N.  E,  station.  This  is  work  which,  while  it  is  con- 
stantly being  done  in  a  small  way  by  the  farmer,  can  only  be  carried 
on  thoroughly  and  efficiently  on  a  large  scale,  such  as  no  farmer 
has  the  time  or  means  to  adopt.  The  results  of  the  tests  made 
during  the  last  four  years  at  the  station  have  shown  that  great 
variation  exists,  and  these  tests  have  clearly  proven  the  superiority 
of  some  varieties  over  others. 

In  testing  small  gfrains  the  object  sought  is  to  obtain  those 
varieties  which  give  the  largest  yield.     To  secure  a  proper  com- 
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parison  the  different  varieties  are  grown  side  by  side  on  plots  of 
equal  size  and  given  unifortn  conditions  of  planting  and  treatment. 
Each  plot  is  harvested  when  ripe,  shocked  and  threshed  separately, 
and  the  straw  and  grain  weighed  and  recorded.  The  ground  se- 
lected for  such  tests  must  be  uniform.  The  comparative  yields  of 
grain  grown  on  poor  soil  will  be  as  valuable  in  testing  varieties  as 
those  obtained  on  richer  fields.  Thus  in  1898  the  varieties  of  grain 
were  grown  on  the  poorest  field  of  the  farm,  and  the  field  grain 
grown  on  the  other  fields  exceeded  them  in  yield,  but  the  variation 
was  just  as  marked  as  it  would  have  been  on  the  better  soil. 

VARIETIES  OF  WHEAT. 

The  yields  of  wheat  were  seriously  injured  by  water  in  1896 
and  1899.  The  necessity  of  selecting  level  ground  for  the  tests 
made  this  misfortune  possible  in  the  wet  season  as  the  level  land 
was  low  lying.  A  perfect  system  of  surface  drainage  is  thus  made 
necessary  that  valuable  tests  may  not  be  interrupted  in  this  manner. 

During  the  four  years'  work  twenty-one  varieties  of  wheat 
have  been  grown.  These  variefties  came  originally  from  Minne- 
sota, the  Dakotas  and  Canada,  as  it  has  already  been  shown  by 
tests  conducted  at  the  University  Farm,  that  the  best  wheats  for 
Minnesota  are  those  now  grown  in  the  state.  They  included  varie- 
ties of  Fife  and  Blue  Stem  wheats,  and  one  or  two  bearded  whea*ts. 
Only  four  wheats  have  been  grown  consecutively  for  the  four 
years.  Some  have  been  rejected  on  first  trial  and  others  after 
having  been  grown  two  or  three  years.  An  average  yield  is  more 
to  be  depended  upon  than  the  yields  of  a  single  year,  as  the  dif- 
ference in  seasons  seems  to  affect  varieties  differently.  The  best 
varieties  for  a  g^ven  locality  are  those  that  will  average  the  best  for 
all  seasons. 
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TABLB  Z.— WkMt  TIm4»  of  Four  Va4f|i^  fbr  Four  Te^ 


1^ 

Varictj 

1896 

1897 

1898 

1899 

Arerage 

for 
4  jcart 

ATerage 

for 
•97.*9S 

146 

Bolton's  Blue  Stem 

8.2 

11.4 

8.6 

8.4 

19.4 
12.4 
11.9 
12.2 

19.3 
23.0 
20.7 
14.7 

13.0 
11.7 
~  8.7 
10.6 

15.0 
14.8 
12.5 
11.4 

19.4 

51 

Hfiyiiv's  BIm  8trai........ ...... 

17.7 

66 

Power**  Fife 

16.3 

105 

Oljndon  711  

13.5 

TABLB  n.— WhMt  Ttolda  of  FUtMn  TartotiM  ter  Two  T«Mra. 


■i^ 


Varictj 


1898 


1899 


ATcrage 

for 
2  Yean 


51 
169 
146 
165 
171 
181 

66 
157 
188 
167 
149 
185 
166 
163 
105 


Hayne's  Blue  Stem.. 
Hayne**  Blue  Stem.. 
Bolton's  Blue  Stem, 

Wellman'a  Fife 

Ristins's  Pile , 

McKendry'a  Fife 

Power's  Fife 

Oljndon  753 

Preston 

Oljndon  761 

Power's  Fife 

Advance 

Oljndon  818 

Oljndon  811 

Oljndon  711 


23.0 
19.3 
19.3 
20.7 
16.7 
17.3 
20.7 
16.2 
15.2 
15.7 
14.2 
16.5 
14.7 
14.7 
14.7 


11.7 
13.4 
13.0 
11.4 
12.9 
12.2 

8.7 
12.8 
13.4 
11.7 
12.3 

9.4 
11.0 
10.7 
10.5 


17.4 
16.4 
16.3 
16.1 
14.8 
14.8 
14.7 
14.3 
14.3 
13.7 
13.1 
13.0 
12.8 
12.7 
12.6 


These  results  seem  to  show  that  in  Northeastern  Minnesota 
Blue  Stem  wheats  will  average  two  or  three  bushels  per  acre  more 
than  the  Fife  varieties,  when  g^wn  under  similar  conditions. 
The  notes  which  were  taken  on  rust  show  that  the  Blue  Stem 
wheats  were  less  affected  by  rust  than  Fife  wheats,  which  may  ac- 
count for  this  difference.    Of  the  Fife  wheats  Wellman's  has  given 
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the  greatest  promise ;  it  has  been  grown  but  two  years.  In  1898 
this  wheat  was  grown  for  the  field  crop  and  yielded  100.3  bushels 
on  a  field  of  three  and  one-half  acres,  or  28.6  bushels  per  acre. 
This  field  has  been  cropped  for  four  years,  three  in  potatoes  and 
one  in  barley,  and  was  manured  for  the  barley.  A  small  trial  plot 
of  wheat  was  grown  in  1898  on  new  soil  which  proved  too  rich  for 
it,  causing  it  to  lodge  badly.  The  grade  of  the  wheats  raised  here 
has  varied  with  the  season,  but  has  averaged  lower  than  the  same 
varieties  raised  on  the  Northwest  Experiment  Farm  in  the  Red 
River  valley.  This  is,  no  doubt,  partially  due  to  our  moister  cli- 
mate and  the  different  character  of  the  soil.  Wheat  should  not  be 
grown  on  a  newly  cleared  field,  until  two  or  three  other  crops  have 
been  taken  from  it  and  the  soil  worked  upon  and  mellowed.  It  is 
best  to  have  it  follow  com  in  rotation,  especially  if  the  com  has 
been  manured.  When  properly  grown,  the  yields  will  equal  or 
exceed  those  obtained  on  the  prairie  where  drought  frequently  oc- 
curs. But  the  growing  of  wheat  in  this  section  should  be  limited. 
When  the  cleared  area  is  small,  and  especially  when  the  stumps 
prevent  the  use  of  modem  harvesting  machinery,  it  will  not  pay 
to  raise  wheat  in  competition  with  the  prairie  sections.  The  sale 
of  wheat  from  the  farm  will  also  remove  much  desirable  fertility. 
Where  grist  mills  are  established  it  will  pay  to  raise  wheat  as 
needed  for  home  consumption  or  to  supply  a  local  demand*  but 
stock  farming  will  generally  prove  more  profitable  than  all  grain 
farming  in  this  section. 

VARIETIES  OF  OATS. 

As  long  as  lumbering  continues  in  the  pine  region  there  will  be 
a  good  market  for  oats.  The  oat  crop  is  now  the  most  important 
grain  crop  raised  here.  Oats  will  do  better  on  new  and  raw  soil 
and  under  adverse  conditions  than  any  other  grain  crop,  and  un- 
der  favorable  conditions  will  yield  large  crops. 

Twenty-three  varieties  of  oats  have  been  tested  on  the  Farm 
grounds.  Nine  of  these  have  been  grown  continuously  for 
four  years.    Most  of  the  others  have  been  discarded  as  inferior. 
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TABLE  III.--Oat  Yields  of  Nine  Varieties  arown  for  Four  Tears. 


e  . 

60 


Variety 


♦ 

1896 

1897 

1898 

38.6 

65.6 

61.3 

30.0 

67.6 

46.3 

35.7 

61.7 

41.9 

37.1 

53.6 

49.4 

28.6 

60.4 

43.8 

29.3 

66.1 

49.4 

30.7 

50.6 

52.5 

21.0 

63.4 

45.0 

25.7 

58.7 

46.9 

1899 


Average 
for 

4  yean 


6 
23 
35 

4 
64 

2 
29 
26 
36 


Improved  Llgowa 

Lincoln 

White  RtSMlaa 

Barly  Swedish 

Black  RtsMian 

White  Wonder 

Archangel 

Barlj  Gothland..... 
Giant  Side 


43.7 
41.9 
40.9 
36.3 
37.4 
35.3 
36.3 
40.7 
29.4 


51.9 
46.5 
45.1 
44.1 
42.6 
42.5 
42.5 
42.5 
40.2 


The  Improved  Ligowa  has  so  far  shown  itself  to  be  a  heavier 
yielder  than  any  other  variety  grown ;  averaging  over  five  bushels 
per  acre  more  than  the  Lincoln  oats,  which  come  next  in  order. 
In  1899  all  the  grain  on  hand  of  this  variety,  the  yield  of  a  one- 
tenth  acre  plot  of  the  year  previous,  was  sown  and  a  field  of 
grain  in  1900  will  be  grovm  entirely  of  this  variety,  which  will 
enable  the  station  to  distribute  it  for  seed  in  1901. 

The  variety  called  "Minnesota  No.  35,"  sometimes  wrongly 
called  "White  Russian,"  has  so  far  been  the  field  crop.  In  1898  a 
field  of  11.5  acres  yielded  701.3  bushels,  or  61  bushels  per  acre. 
In  the  spring  of  1899  four  hundred  and  fifty  bushels  of  this 
variety  were  s6ld  for  seed  oats  and  more  will  be  available  in  1900. 
The  yield  in  1899  on  a  four  acre  piece  was  218.5  bushels,  or  54.6 
bushels  per  acre;  nearly  all  the  varieties  given  in  the  table  are 
valuable.  They  appear  to  maintain  their  yield  and  weight  well 
Minnesota  No.  36  (Giant  Side)  is  a  late  side  oat  and  a  lighter 
yielder.  The  others  are  all  medium  early,  open-panicled  oats. 
Two  new  varieties,  Houston's  Silver  White  and  Golden  Sheaf, 
tested  in  1899,  g^ive  a  slightly  better  yield  than  any  of  these  and 
will  be  tested  farther.  Some  oats  when  brought  into  this  section 
from  other  regions  tend  to  lose  weight  and  yield.  Those  vari- 
eties that  maintain  their  good  qualities  should  be  quite  valuable 
for  general  growth. 
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Varieties  of  barley. 


713 


Only  four  out  of  seventeen  varieties  of  barley  have  been 
grown  continually  for  years. 


TABLE  rV.— Barley  Yields  of  Four  Varieties  Ghrown  for  Four  Tears. 


e  . 

e  o 
555 


Variety 


1896 


1897 


1898 


1899 


Arerage 

for 
4  years 


6 
26 
28 

7 


Manshury 

Manshtsry 

Bernard's 

Champioii  of  Vermont.. 


29.1 

36.2 

28.9 

28.7 

19.4 

31.6 

28.7 

32.5 

26.0 

30.1 

26.3 

26.2 

26.5 

32.3 

26.3 

16.4 

30.7 
28.1 
27.2 
25.4 


The  results  show  that  the  six-rowed  barleys  are  the  best 
yielders ;  out  of  these  the  Manshury  is  much  the  best.  Two  differ- 
ent strains  of  this  variety,  Minnesota  No.  6  and  Minnesota  No.  26, 
were  tried,  both  of  which  proved  better  than  the  other  kinds.  Of 
the  two-rowed  type,  Minnesota  No.  7  (Champion  of  Vermont),  is 
,the  best  that  has  been  tried.  A  field  of  24  acres  sown  to  Minne- 
sota No.  6  barley,  in  1898,  gave  98.3  bushels,  or  41  bushels  per 
acre.  Barley  should  be  raised  here  only  for  feed.  Its  best  use 
is  for  hogs.  Like  wheat,  it  is  not  profitaJ)le  to  grow  for  the  mar- 
ket on  small,  half-cleared  fields. 

All  the  small  grains  are  sown  on  fall  plowing,  or  on  corn 
land,  which  is  worked  up  with  a  disk  harrow  in  the  spring. 
Spring  plowing  leaves  the  soil  too  loose  for  grain  and  retards  the 
seeding.  Grain  should  have  a  rather  compact  seed  bed,  and  should 
be  sown  as  early  as  possible  m  the  spring.  Wheat  should  be  sown 
as  soon,  as  the  ground  can  be  dragged  and  before  the  frost  is  all 
out  of  it;  if  sown  later  than  May  ist,  it  will  seldom  yield  a  full 
crop.  In  1898  the  wheat  was  sown  April  i8th  and  ripened  in  115 
days.  Wet  weather  delayed  the  sowing  of  the  land  selected  for 
wheat  in  1899,  until  May  5th,  and  the  yield  was  seriously  lessened. 
The  oat  crop  was  sown  in  1898  on  April  25th  and  ripened  by 
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August  8th,  averaging  107  days.  Barley  is  most  apt  to  be  in- 
jured by  a  late  spring  frost  and  canndt  safely  be  sown  much  be- 
fore May  1st  in  this  latitude.  In  1898  the  crop  was  sown  April 
27th  and  escaped  injury.  Where  grain  is  sown  early  it  forms  a 
better  root  system,  is  better  able  to  resist  drought  later  on,  ripens 
somewhat  earlier,  is  not  so  much  injured  by  rust  and  will  gen- 
erally produce  a  better  yield. 

FIELD  PEAS. 

Field  peas  have  been  grown  every  year  with  only  moderate 
success.  The  variety  tests  have  shown  that  the  small  white  pea, 
generally  known  as  "White  Canada"  field  pea,  gives  best  yields 
of  grain ;  yields  of  twenty-five  to  thirty-two  bushels  per  acre  were 
obtained  in  1898  on  twentieth-acre  plots.  The  climate  is  wdl 
suited  to  peas,  but  they  are  found  to  do  best  on  a  heavy  clay  or 
clay  loam  soil.  On  light  sandy,  or  sandy  loam  soils,  they  will  not 
succeed  as  well  as  other  grain  crops  or  clover.  A  large  acreage 
should  not  be  planted  to  peas,  until  they  are  first  tried  in  a  smaD 
way  to  note  whether  the  proper  conditions  for  their  successful 
growth  are  present.  Where  they  can  be  grown  they  make  one 
of  the  most  valuable  stock  foods  to  be  found  and  can  be  fed  green 
by  pasturing  hogs  or  sheep  upon  them,  or  by  cutting  and  throw- 
ing to  hogs  for  them  to  thresh  out.  Peas  act  upon  the  soil  in  the 
same  manner  as  clover  by  adding  nitrogen  to  it. 

VARIETIES  OF  CORN. 

Com  has  been  ripened  by  the  Indians  much  farther  north  than 
Grand  Rapids  for  a  long  time  past.  The  varieties  obtained  from 
this  source,  known  as  "Squaw  Com,"  are  rather  small  with  ears 
near  the  ground.  By  selection  and  improvement  strains  have  been 
bred  from  this  stock  that  are  much  superior  to  the  old  kinds. 
Flint  com  has  been  pushing  farther  and  farther  north  and  sup- 
planting the  "Squaw  Com,"  and  of  late  years  a  few  hardy  vari- 
eties of  Dent  have  become  acclimated  as  far  north  as  Aitkin  and 
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Duluth.  Com  is  more  susceptible  to  slight  variations  in  climate 
than  any  other  crop,  and  a  diflFerence  of  one  hundred  miles  north 
or  south  necessitates  the  use  of  diflFerent  varieties  of  com  for  the 
best  results.  A  variety  of  Dent  com  may  not  ripen  at  Grand  Rap- 
ids, and  yet  may  be  adapted  to  conditions  about  Aitkin  or  Brain- 
•crd.  Com  is  easily  improved  by  careful  selection  or  by  crossing 
two  or  toore  kinds  followed  by  selection  of  the  best  resulting 
tjrpes.  This  process  of  selection  is  carried  on,  consciously  or  un- 
consciously, by  all  com  growers.  To  this  power  of  variation  and 
acclimatization,  aided  by  selection  of  seed,  is  due  the  g^dual  im- 
provement and  northern  extensions  of  the  better  varieties  of  corn. 

The  work  of  Northeast  Farm  has  been  that  of  testing 
all  varieties  thought  to  be  best  suited  to  northem  conditions,  for 
the  purpose  of  seledting  some  that  may  be  an  improvement  over 
those  now  being  grown.  The  best  of  these  will  be  grown  in  an 
-effort  to  still  further  improve  them.  About  fifty  varidties  have 
been*  tested.  No  attempt  has  been  made  to  keep  these  separate ; 
their  number  made  this  impossible,  and  it  was  more  important 
tha*t  they  be  tested  under  the  same  conditions  of  soil  and  drain- 
age.  The  plots  were  grown  side  by  side.  Sufficient  seed  is  pro- 
cured from  the  original  source  to  allow  some  to  be  saved  pure,  to 
be  used  if  the  variety  is  worthy  of  propagation. 

The  smaller  and  hafdier  flint  varieties  will  ripen  with  a  fair 
•degree  of  certainty.  The  Palouse  corn,  from  Washington  state,  is 
smaller  and  earlier  than  any  other  variety  tested,  and  will,  un- 
-doubtedly,  ripen  much  farther  north  than  Grand  Rapids,  even  be- 
yond the  Canadian  line.  The  most  promising  Dent  com  is  a 
variety  obtained  from  Mr.  Jacob  Berg,  of  Mentor,  Polk  county, 
Minn.  This  corn  ripens  several  days  earlier  than  any  other  Dent 
tried,  and  by  careful  selection  and  adaptation  can  probably  be 
made  a  sure  crop  for  this  vicinity.  Larger  Dents,  like  the  Golden 
Drop  and  St.  Cloud  yellow  Dent,  are  a  little  too  late  for  a  sure 
crop  as  far  n5rth  as  this,  though  in  good  seasons  and  favored 
localities  they  might  ripen ;  they  should  be  reliable  below  Aitkin 
or  Wadena.  Steady  improvements  may  be  looked  for  along  this 
line,  and  as  the  varieties  improve,  it  will  become  more  profitable 
to  raise  com  for  ears. 
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TABLB  V.~Oorn  VarletlM  Gtowh.  in  1888. 


Variety 


Name 


Where 
Obtained 


Height 


o 


5» 


No.  of 
Rows  of 
Kernels 


Condition 
When 
Prosen 


Sqnaw 

Sqnaw 

Sqnaw 

Flint,  White. 
Flint,  White. 
PUnt,Yellow 
FIint,Yellow 
FUnt,Yellow 
Flint.Yellow 
Flint,YeUow 
FUnt,  Yellow 
Flint.Yellow 
Flint,  Red.... 
Flint,  Red.... 
Dent.  White. 
Dent.  White. 
Dent.  White. 
Dent.  White. 
Dent.  Yellow 
Dent,  Yellow 
Dent.  Yellow 
Dent.  White. 
Dent.Striped 
Dcnt.YeUow 


Crawford's.... 

Foole's 

Fnller's 

Dakota.. 

WUl's  Dakota.... 

Lifqnist*s 

Gehn 

Tweeton's 

Minn.  Wh.  Flint 

Tritimph 

Mercer 

Longfellow.... 

Lommen's 

King 

Palonse 

Berg's 

Cooper's 

Golden  Drop.. 

Cooper's 

Minn.  King... 

Dakota 

Rustler 

Northwestern.... 
Minn.  No.  13 


Grand  Rapids 

3  ft.  6  in. 

Tin. 

S 

Grand  Rapids 

3  ft.  6  in. 

7  In. 

S 

Warren 

3  ft.  6  In. 

Tin. 

S 

Minneapolis.. 

4  ft. 

Sin. 

s 

Bism'r'k.N.D. 

4  ft. 

Sin. 

s 

Wadena 

5  ft. 
4  ft. 

Sin, 
Sin. 

StolO 
10  to  12 

Bism'r'k.N.D. 

Crookston 

4  ft.  9  in. 

Sin. 

S 

Minneapolis.. 

6  ft.  6  in. 

Sin. 

12  to  16 

Minneapolis.. 

5  ft.  9  in. 

10  in. 

12 

Minneapolis- 

6  ft. 

9  in. 

12 

Minneapolis.. 

6  ft. 

Sin. 

S 

Crookston 

5  ft.  9  in. 

Sin. 

10  to  12 

Minneapolis.. 

5  ft.  6  in. 

Sin. 

S 

Wash.  State.. 

2  ft.  9  in. 

Sin. 

10  to  14 

Mentor 

6  ft.  3  in. 
6  ft. 

Sin. 
Sin. 

12  to  16 
10  to  14 

St.  Clond 

Wisconsin 

6  ft.  6  in. 

9  in. 

12  to  16 

St.  Cloud 

6  ft.  3  in. 

Tin. 

12  to  20 

Minneapolis.. 

6  ft. 

Sin. 

S 

Minneapolis.. 

6  ft. 

Sin. 

16 

Minneapolis.. 

6  ft.  6  in. 

Sin. 

12  to  16 

Bism'r'k.N.D. 

6  ft.  9  In. 

9  in. 

12  to  16 

St.Anth'yP'k 

6  ft.  6  in. 

10  in. 

12 

Ripe 

Ripe 

Ripe 

Ripe 

Ripe 

Ripe 

Ripe 

Ripe 

Glaxing 

Glazing 

Dongh 

Barly  dongh 

Dough 

Early  dough 

Ripe 

Ripe 

Dented 

Partly 

dented 
Slightly 

dented 
Dongh 

Milk 

Barly  milk 

Barly  milk 

Barly  milk 
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FORAGS  CROPS. 

PERENNIAL,    MEADOWS   AND  PASTURES. 

The  hay  crop  will  be  for  some  time  to  come  the  most  im- 
portant money  crop  of  the  forest  region.  There  is  a  constant  de- 
mand for  hay  in  winter  to  supply  the  limibermen,  and  in  most 
sections  it  commands  a  fair  price.  At  present  wild  hay  forms  the 
bulk  of  the  supply.  It  is  obtained  from  natural  meadows,  some- 
times of  great  extent,  lying  usually  along  water  courses.  Such 
hay  requires  only  the  cutting.  Many  meadows  may  be  greatly 
improved  at  small  expense,  by  clearing  out  brush  and  rubbish  and 
by  partial  drainage. 

Tame  Hay, — ^As  more  land  is  cleared,  tame  hay  will  occupy 
a  more  important  place.  The  first  seeding  done  on  a  new  farm  is 
generally  among  the  stumps  either  sown  alone  or  with  oats  as  a 
nurse  crop.  After  a  crop  or  two  is  removed  the  field  is  used  for 
pasture,  sometimes  for  a  number  of  years.  When  the  stumps 
are  numerous  and  work  is  being  done  on  other  portions  of  the 
farm,  this  is  sometimes  the  most  profitable  policy,  but  more  often 
land  is  kept  in  grass  when  it  should  be  broken  and  planted  to 
other  crops.  Keeping  one  portion  of  a  farm  in  pasture,  while 
potatoes  and  oats  are  grown  year  after  year  upon  the  remain- 
ing fields,  cannot  be  too  strongly  condemned.  If,  instead,  the 
rotations  outlined  in  a  preceding  portion  of  this  bulletin  be  prac- 
ticed, the  yields  of  both  hay  and  grain  will  be  much  increased. 
Upon  Northeast  Farm  a  large  acreage  is  annually  sown  to 
grass.  The  sod  is  not  allowed  to  lie  more  than  two  or  three  years. 
The  first  two  crops  of  hay  are  much  larger  than  succeeding  crops 
would  be  and  if  the  sod  is  then  turned  under  it  is  of  great  benefit 
to  the  soil  and  the  succeeding  crops.  Within  two  years  the  piece  is 
again  seeded.  By  this  method  about  one-half  of  the  farm  is  in 
grass  each  year.  The  grasses  used  most  extensively  for  hay  are 
timothy  and  red  clover.  There  is  no  longer  any  question  as  to 
the  possibility  of  growing  red  clover  in  the  forest  regions  of  Min- 
nesota.    During  the  four  years  in  which  clover  has  been  grown 
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on  Northeast  Farm  there  has  been  but  one  failure,  which  was 
caused  by  winter  killing  in  the  winter  of  '97  and  '98.  During 
this  season  the  ground  was  bare  nearly  all  winter.  The  deep 
snow  of  an  ordinary  winter  furnishes  the  best  possible  protection 
to  the  clover.  Clover  and  timothy  have  been  usually  sown  to- 
gether, with  pats  as  a  nurse  crop.  The  seed  was  sown  after  the 
oats  with  a  Thompson  wheelbarrow  seeder,  which  sows,  broad- 
cast on  the  surface.  This  method  is  comparable  with  hand 
sowing,  but  distributes  the  seed  more  evenly  and  is  not  seriously 
interrupted  by  wind.  The  seed  was  dragged  in  with  a  light 
slant-tooth  harrow,  to  cover  lightly.  Except  where  sown  on  new 
ground  to  increase  the  pasture,  grass  seed  should  not  be  sown 
alone.  Less  seed  is  required,  but  except  under  very  favorable 
circumstances,  no  crop  is  produced  until  the  second  year,  and 
weeds  are  apt  to  be  troublesome.  A  grain  crop  as  a  nurse  crop 
keeps  down  the  weeds,-  produces  a  profitable  crop  on  the  land  for 
that  year  and  by  its  early  removal  gives  the  grass  time  to  grow  in 
the  fall  and  produce  a  full  hay  crop  the  following  year.  Wheat 
and  barley  when  grown  as  nurse  crops  do  not  shade  the  ground  so 
densely,  nor  remove  so  much  moisture  as  oats,  and  thus  give  the 
grass  a  better  chance.  The  new  grass  should  never  be  pastured 
in  the  fall  of  the  year  in  which  it  is  seeded.  The  young  and 
tender  plants  are  so  seriously  injured  by  cropping  and  treading 
that  the  prospects  for  the  following  year  may  be  completely  ruined 
and  in  many  cases  fall  pasturing  will  heavily  reduce  the  yield. 
Different  amounts  of  seed  have  been  sown,  varying  from  ten 
pounds  each  of  clover  and  timothy  per  acre,  to  five  pounds  of 
clover  and  eight  pounds  of  timothy.  If  uniformly  sown  six 
pounds  of  clover  and  nine  pounds  of  timothy  will  give  a  stand 
sufficiently  thick.  This  will  be  one  part  clover  and  two  of  timothy 
by  measure  sown  mixed  together  at  the  rate  of  nine  quarts  per 
acre. 

The  first  seeding  on  the  farm  was  in  '96,  on  a  field  that  had 
been  in  potatoes  for  three  years.  This  field  is  the  poorest  soil  on 
the  farm.  In  '97  a  crop  of  cloyer  was  cut  from  it  which  averaged 
2.3  tons  per  acre.     The  second  crop  of  clover  was  cut  the  same 
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year  and  yielded  nearly  a  ton.  On  the  following  year  the  yield 
was  largely  timothy  and  as  the  sod  had  been  injured  by  the  severe 
exposure  of  the  winter,  the  yield  was  light.  This  sod  was  turned 
under  in  the  fall  of  '98,  and  in  '99  bore  oats  and  was  again  seeded 
down.  The  stand  of  grass  in  the  fall  of  '99  was  nearly  perfect. 
In  a  field  seeded  in  '97  the  clover  was  killed  out  the  same  winter, 
but  the  tihiothy  yielded  a  fair  crop  in  '98,  and  was  pastured  during 
the  summer  of  '99  and  plowed  up  in  the  fall.  About  25  acres  was 
seeded  in  '98.  Most  of  this  ground  had  never  been  seeded  to 
clover  before.  It  was  noticed  that  on  the  newest  land  the  clover 
did  not  flourish  evenly  for  the  first  crop,  but  still  grew  in  sufficient 
quantity  to  make  up  at  least  one-half  of  the  hay.  The  second 
crop  of  clover  on  this  same  land  made  a  very  fine,  even  growth. 
On  the  older  fields,  although  never  sown  to  clover  previously,  the 
stand  was  even  and  heavy  for  both  crops  of  clover.  On  one  such 
field  of  3-25  acres,  sown  with  wheat  in  '98,  the  first  crop  yielded 
9.55  tons,  or  2.94  tons  per  acre.  The  second  crop  was  cut,  yield- 
ing 3.87  tons  or  1. 19  tons  per  acre,  making  a  total  per  acre  of 
4.13  tons.  From  the  new  land,  seeded  with  oats,  on  which  the 
stand  was  about  one-half  timothy,  36.15  tons  were  cut  from  11.8 
acres,  giving  a  yield  of  3.06  tons  per  acre. 

The  second  crop  of  clover  on  a  portion  of  this  field  was 
plowed  under,  that  the  land  might  be  used  the  following  year  for 
some  experiments  for  which  level  ground  was  needed.  The  re- 
mainder was  pastured  in  the  fall.  It  may  not  always  be  advisable 
to  cut  the  second  crop  of  clover  for  hay.  Great  difficulty  may  be 
experienced  in  curing  it.  Probably  the  most  profitable  use  for 
it  is  as  a  fall  pasture.  The  clover  is  a  biennial  plant  and  bears  its 
crop  the  second  year  after  seeding.  It  is  only  propagated  after 
this  by  seed.  If  the  second  crop  is  allowed  to  go  to  seed  on  the 
ground  the  clover  will  be  perpetuated.  Otherwise  the  crop  of 
the  following  year  will  be  largely  timothy.  Comparative  tests 
have  been  made  of  other  grasses  for  their  adaptability  to  light 
soils.  These  tests  have  shown  that  both  red  and  alsike  clover 
will  do  better  •n  such  soil  than  the  true  grasses-  Alsike  clover 
is  slightly  better  adapted  to  heavy,  wet  soils  than  red  clover,  and 
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will  make  good  growth,  in  partially  drained  soils  where  red  clover 
will  be  injured  by  water.  On  ordinary  soils  red  clover  is  much 
superior  in  stand,  yield  and  aftermath  to  alsike.  Of  the  grasses 
Bromus  Inermis  gave  best  results  on  light  soil.  This  g^rass  is  a 
new  species  imported  from  Russia,  and  is  coming  into  general 
use  in  some  parts,  being  well  able  to  stand  droughts  and  cold.  It 
may  prove  valuable  for  sandy  soils,  but  should  be  tried  on  a  small 
scale  first.  Red  top  is  best  suited  to  moist  soil  conditions,  and  did 
not  do  as  well  as  timothy  in  this  test.  Orchard  grass  is  not  valu- 
able, giving  almost  no  yield.  Alfalfa  was  not  able  to  stand  the 
winter,  and  probably  cannot  be  grown  this  far  to  the  northeast. 
Much  work  remains  to  be  done  in  testing  grasses. 

ANNUAL  FORAGE  CROPS. 

In  live  stock  farming  dependence  cannot  always  be  placed  on 
the  hay  crop  to  furnish  all  the  forage  necessary  for  wintering 
over  the  stock.  Should  the  hay  crop  fail  or  be  light,  the  farmer's 
chief  reliance  is  raising  a  crop  of  forage  which  requires  but  one 
seaion  for  growth.  Some  kinds  of  forage,  such  as  fodder  com, 
are  grown  so  cheaply  and  in  such  quantities,  that  they  should  be 
extensively  grown  and  fed  as  a  substitute  for  hay. 

The  principal  classes  for  forage  experimented  with  have  been 
the  millets,  sorghum  and  corn.  Millet  furnishes  a  good  quantity 
of  hay.  It  was  found  to  do  best  on  rather  heavy  soil.  Its  best 
use  is  as  a  catch  crop  after  a  failure  of  some  early  crop  or  as  a  late 
crop  on  new  land.  Millet  sown  as  late  as  July  ist  has  produced  a 
fair  crop  of  hay  on  Northeast  Farm,  but  it  should  ordinarily 
be  sown  by  the  middle  of  June.  It  must  not  be  sown  in 
spring  much  earlier  than  the  latter  part  of  May,  since  like 
the  corn  the  seeds  will  rot  in  a  cold,  damp  soil.  The  hay 
should  be  cut  before  the  heads  are  all  out.  If  too  ripe  the 
seed  is  indigestible  and  dangerous  to  feed.  Of  the  varieties 
tested  those  most  suitable  for  hay  were  the  Common,  Hun- 
garian, Golden  and  German  Millet.  They  yielded  between 
1.5  and  2.5  tons  per  acre.     Common  millet  is  somewhat  earlier 
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than  the  others,  and  is  the  best  variety  for  very  late  seeding. 
"Broom  Com"  millet,  or  "Hog"  millet,  is  coarser  in  stalk,  pro- 
duces a  larger  yield  of  forage,  and  will  give  a  heavy  crop  of  seed 
which  can  be  used  for  hog  or  chicken  feed.  It  does  better  than 
the  others  in  wet  places. 

Sorghum,  and  the  similar  fodder  plants,  Kaflfir  corn,  Jerusalem 
corn,  and  Dhoura,  have  been  grown  to  compare  them  with  com. 
The  tests  have  indicated  that  for  this  latitude  none  of  these  plants 
are  equal  to  com  in  ease  of  growing  and  amount  of  fodder  pro- 
duced. They  are  all  accustomed  to  a  warmer  climate  than  com 
'  and  cannot  be  planted  as  soon  in  the  spring.  They  do  not  ma- 
ture sufficiently  before  frost  to  yield  the  maximum  crop,  and  the 
fodder  being  immature  does  not  make  as  good  feed.  Their  use 
is  not  recommended  in  place  of  fodder  corn. 

For  winter  forage,  as  a  substitute  for  hay,  fodder  corn  stands 
easily  first.  If  properly  cut  and  cured  it  is  sweet  and  palatable 
and  stock  relish  it.  The  yield  per  acre  of  cured  fodder  is  between 
three  and  four  times  as  great  as  hay,  and  although  com  does  not 
contain  the  same,  nor  as  valuable  food  products  as  clover  hay,  yet, 
the  much  greater  yield  more  than  makes  up  for  this,  and  the 
actual  value  of  the  fodder  from  an  acre  may  be  double  that  of 
clover  hay. 

By  the  growth  of  fodder  corn  a  small  farm  may  be  made  to 
support  half  again  as  many  cows  as  could  be  carried  along  on 
other  crops.  Fodder  com  has  always  been  one  of  the  staple 
crops  on  the  Northeast  farm.  In  the  winter  of  1898  and  1899  ** 
was  the  only  fodder  fed  to  cows.  Fed  with  a  proper  proportion 
of  bran,  to  make  a  balanced  ration,  the  fodder  corn  raised  on  a 
field  of  three  and  one-half  acres,  supported  six  milch  cows  for 
five  months.  Fodder  from  this  same  field  was  fed  in  addition 
twice  a  day,  for  the  same  period,  to  a  flock  of  fifty  sheep,  whose 
only  other  rough  feed  was  straw.  The  com  in  this  case  was  mn 
through  a  feed  cutter  and  none  was  wasted.  If  fed  whole  there 
will  be  some  waste. 

The  growing  of  fodder  corn  aids  in  establishing  a  good  rota- 
tion of  crops-     It  responds  to  fertilizers  more  readily  than  any 
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Other  crop  and  thus  furnishes  the  best  opportunity  in  the  rotation 
for  applying  manure.  If  cultivated  well,  it  cleans  the  surface  soil 
of  weeds.  The  varieties  of  com  grown  for  fodder  at  the  Farm,  are 
the  leafy  dent  kinds  which  ripen  in  the  southern  part  of  the  state 
These  kinds  are  more  suitable  for  fodder  here,  than  those  adver- 
tised in  seed  catalogues  as  fodder  or  ensilage  corn,  which  are  apt 
to  be  too  slow  in  maturing  for  our  climate  and  too  coarse  for  the 
best  grade  of  fodder.  Southern  Minnesota  dent  com  will  mature 
sufficiently  for  fodder  much  farther  north  than  Grand  Rapids. 
The  seed  will  not  ripen  here  and  must  be  imported  .each 
year.  The  results  of  experiment  have  shown  that  it  is  better* 
to  plant  corn  for  fodder  in  drills  rather  than  to  broadcast  it. 
Broadcasted  com  stands  so  thick  that  the  moisture  supply  may 
be  exhausted  before  proper  growth  is  made.  The  com  on  the 
farm  is  now  sown  in  drills,  far  enough  apart  to  admit  of  cultiva- 
tion between  them.  Last  season  it  was  planted  with  the  grain 
drill  by  plugging  up  all  the  holes  but  those  desired.  Double  rows 
of  corn  were  sown  six  inches  apart  with  a  space  between  each 
double  row  of  thirty-six  inches.  One  bushel  'of  com  per  acre  was 
needed  when  sown  in  this  way.  This  gave  a  stand  thick  enough 
to  prevent  the  formation  of  large  stalks  which  the  cattle  waste 
when  thrown  to  them  whole.  The  com  was  sown  June  9th.  It 
should  not  be  sown  much  earlier  than  this  for  fodder.  It  was 
cut  between  the  loth  and  20th  of  September.  To  secure  the  best 
fodder,  corn  should  be  left  until  it  has  beg^n  to  mature,  as  indi- 
cated by  the  lower  leaves  beginning  to  turn  yellow.  Frost  injures 
the  quality  and  palatability  of  the  fodder.  If  planted  the  second 
week  of  June  it  should  be  fit  to  cut  about  the  first  week  in  Sep- 
tember, when  it  will  generally  escape  all  mjury  from  frost-  It 
should  be  cut  and  shocked  in  medium-sized  shocks.  It  has  been 
found  practical  to  cut  fodder  corn  planted  in  double  rows  by  horse 
power,  by  using  the  low  sled  so  generally  adapted  in  other  sec- 
tions.  This  sled  is  a  V-shaped  platform  of  boards  mounted  on 
2x6  plank  runners.  Knives  made  from  old  saw  blades  are  set 
along  each  edge  at  an  angle  of  sixty  degrees  with  the  front.  A 
single  horse  draws  the  sled,  walking  between  two  rows,  which  arc 
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cut  off  by  the  knives.  Two  men  riding  on  this  sled  catch  the  corn, 
and  stopping  the  horse  for  every  armful,  set  it  up  in  shocks.  This 
method  saves  over  half  the  time  in  cutting.  It  is  more  difficult 
to  build  good  shocks,  but  on  the  whole  is  probably  a  better  tnethod 
than  hand-cutting.  The  efficient,  but  expensive,  com  binder, 
which  cuts  and  binds  the  com  stalks  into  small  bundles,  will  not 
be  used  for  some  time,  except  in  the  older  and  better-developed 
CiMnmunities.  The  com  at  the  Northeast  Farm,  after  standing 
about  six  weeks,  was  re-shocked,  putting  three  shocks  into  one. 
By  this  method  the  corn  was  first  allowed  to  cure  well,  and  then  by 
increasing  the  size  of  the  shocks  it  was  given  better  protection 
from  the  weather.  It  stood  in  the  field  in  these  shocks  all  winter, 
being  hauled  up,  cut  and  fed,  as  needed.  Unless  tied  in  small 
bundles  and  stacked  after  thorough  curing,  this  is  probably  the 
easiest  way  of  handling  it.  The  yield  in  1898  was  about  seven 
tons  of  cured  fodder  per  acre. 

In  new  sections  where  roads  are  poor  and  it  is  not  possible 
to  get  grain  threshed,  it  is  customary  to  cut  the  oat  crop  and  feed 
it  whole.  When  this  is  done  the  crop  should  be  cut  earlier 
than  for  grain.  If  the  oats  are  cut  when  the  grain  is  in  the  milk 
nearly  as  much  food  will  be  secured  as  at  any  later  period,  as  at 
this  time  it  is  evenly  distributed  throughout  the  plant,  making  a 
palatable  food  of  the  stalks,  which  later  on,  with  the  ripening  of 
the  grain,  becomes  straw. 

Peas  are  sometimes  sown  with  the  oats  for  hay,  but  under 
our  conditions  the  oats  are  apt  to  crowd  them  out,  and  they  should 
generally  be  sown  by  themselves,  or  with  a  very  small  quantity  of 
oats,  one  or  two  pecks  per  acre,  to  support  them. 

ANNUAL  PASTURE  CROPS. 

To  furnish  pasture  for  animals  it  is  sometimes  necessary  on 
farms  that  are  heavily  stocked,  or  where  conditions  of  drought 
prevail  in  summer,  to  grow  crops  to  supplement  the  grass  pastures 
at  certain  seasons.  While  it  may  be  difficult  to  spare  land  for 
such  a  purpose,  yet  the  great  abundance  of  pasture  provided  by 
some  of  these  crops  on  a  small  space  may  make  it  profitable  to  de- 
vote a  portion  of  the  farm  to  such  uses. 
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The  experiment  work,  so  far,  has  been  with  winter  rye,  com, 
sorghum,  rape,  oats  and  peas.  Actual  tests  were  made  of 
these  crops  by  pasturing  animals  upon  them  to  obtain  some  idea 
of  the  amount  of  pasture  they  would  furnish.  Cows  waste  too 
much  by  trampling;  but  sheep  may  be  pastured  on  any  crop  and 
will  consume  it  without  waste,  and  hogs  may  be  pastured  on 
rye,  peas  ind  rape  with  great  profit.  In  supplying  such  addi- 
tional summer  food  to  cows,  and  in  some  cases  to  hogs,  it  may  be 
found  more  satisfactory  to  cut  and  feed  it  to  them.  This  requires 
additional  work,  but  greatly  increases  the  amount  of  food  secured 
from  a  small  acreage. 

Winter  rye  was  sown  about  September  i.  If  sown  much  later 
than  this  it  does  not  have  time  to  prepare  for  winter  and  will  not 
make  a  good  growth  in  the  spring.  Its  best  use  is  as  an  early 
spring  pasture.  It  comes  on  two  to  three  weeks  earlier  than 
grass,  and  if  kept  cropped  reasonably  close,  may  be  pastured  for 
six  or  seven  weeks.  If  not  pastured  it  will  make  a  good  crop  of 
hay  by  cutting  early,  or  may  be  left  for  a  grain  crop.  Rye  will 
glow  well  on  any  soil.  Oats  and  peas  sown  together  for  pasture 
furnished  as  much  food  as  rye,  but  were  not  ready  for  pasturing 
until  about  the  middle  of  June.  Com  was  sown  broadcast,  and 
furnished  a  large  amount  of  food"  in  July  and  August.  When 
bitten  off  it  does  not  sprout  again,  and  pasturing  with  cows  is  not 
the  most  economical  use  to  put  it  to,  but  for  a  soiling  crop  to  be 
cut  and  fed  in  these  months  it  is  superior  to  all  others.  Sorghum 
and  Kaffir  corn  sprout  quickly  when  eaten  off,  and  for  a  hot- 
weather  pasture  especially  for  sheep,  may  have  a  place  in  our  farm 
economy. 

Rape  is  a  plant  allied  to  cabbage,  but  whose  foliage  resem- 
bles that  of  turnips.  It  will  produce  a  great  quantity  of  fodder 
under  favorable  conditions  ,and  is  especially  valuable  for  a  late 
fall  pasture  for*  sheep.  It  resists  light  frosts  easily.  This  plant 
grows  on  muck  soils,  but  must  have  good  drainage.  The  sand 
vetch  and  spring  vetch  have  been  grown,  but  have  not  given 
as  good  results  for  pasture  crops  as  any  of  the  other  crops.  They 
will  thrive  on  very  sandy  soil  and  improve  its  condition. 
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POTATOES. 

The  soils  of  this  section  are  well  adapted  to  growing  potatoes, 
the  quality  of  which  is  unsurpassed-  The  potatoes  grown  in  the 
Chisago  district  have  won  a  wide  reputation.  The  crop  is  an  im- 
portant one  to  the  settler,  as  it  gives  large  returns  from  a  small 
acreage.  Upon  new  ground,  or  where  wise  rotations  have  been 
practiced,  the  yield  of  potatoes  will  ordinarily  average  over  200 
bushels  and  very  much  larger  yields  have  been  reported.  The 
work  of  Northeast  Farm  has  been  to  test  different  varieties 
for  yield  and  adaptability.  Fourteen  kinds  have  been  grown  for 
three  years,  and  many  more  will  be  tested  in  the  future. 


TABLB  VI.— Fotato«fl  Tielda  for  Three  Teare. 


Variety 


1896 

Bu.  per 

Acre. 


1897 

Bn.  per 

Acre. 


1898 

Ba.  per 

Acre. 


Average 

for 

3  trials 

Bti.  per 

Acre. 


American  Wonder.. 

Prixe  Taker 

Carmen  No.  3 

Carmen  No.  1 

Freeman 

Irish  Daisj 

Irish  Cobbler 

Rural  Blnsh 

New  Queen 

Barly  Ohio 

Acme 

Good  News 

World's  Fair 

id.a,ggie  Murpby.... 

White  Blepbant 

Bnrbank  


3*7.0 
343.0 
316.0 
277.0 
320.0 
289.0 
312.0 
273.0 
257.0 
246.0 
280.0 
296.0 
289.0 


184.3 
177.6 
171.5 
198.4 
150.1 
195.1 
141.0 
169.9 
211.2 
223.3 
139.1 
175.4 
90.9 
214.4 
222.2 
227.7 


260.0 
239.0 
261.3 
180.0 
213.5 
191.7 
217.1 
219.8 
193.4 
166.6 
201.6 
146.8 
158.7 
251.5 
165.1 


260.4 
263.2 
249.8 
239.6 
227.9 
225.3 
223.4 
220.9 
220.6 
211.6 
206.6 
206.1 
179.5 


The  Ahierican  Wonder  has  given  the  heaviest  average  yield, 
and  is  a  medium-sized,  good  marketable  potato.  It  gives  rather 
more  culls  than  some  other  varieties.     Maggie  Murphy  is  a  large 
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yielder,  but  grows  too  great  in  size,  land  is  not  as  good  a  table 
variety  as  others.  Carmen  No.  3  and  Carmen  No.  i,  both  smooth, 
white  potatoes,  gave  the  most  uniform  yield  of  marketable  tubers. 
No.  3  is  a  trifle  too  late  in  ripening  for  best  results.  Burbank 
yields  well  and  is  readily  marketed,  but  is  somewhat  late.  Of 
the  early  kinds  raised  the  Early  Ohio  is  popular.  It  keeps  well, 
and  is  excellent  for  the  table,  although  apt  to  grow  hollow.  The 
Acme,  a  variety  somewhat  resembling  it,  is  nearly  as  early  and 
a  good  yielder.  It  has  not  been  found  advisable  to  plant  potatoes 
before  June  ist.  Late  varieties,  as  Carmen  No.  3,  will  not  always 
ripen  thoroughly  before  Oct.  ist-  In  an  average  season  they 
should  be  dug  between  the  ist  and  loth  of  October.  When  in- 
tended for  storage  and  spring  markets,  it  is  probably  more  ad- 
visable to  grow  a  second  early  kind  if  it  is  a  good  yielder.  The 
Early  Fortune  has  been  grown  quite  largely  about  Grand  Rapids, 
and  is  recommended. 

If  potatoes  are  grown  on  the  same  soil  year  after  year  they 
will  soon  exhaust  its  fertility,  and  scab  is  almost  sure  to  make  its 
appearance.  Scab  is  a  fungus  which  lives  upon  the  potato.  It 
is  never  present  in  new  soil,  and  must  always  be  brought  into  it  by 
planting  scabby  potatoes.  Even  if  scabby  seed  is  planted  in  new 
soil,  the  first  crop  is  comparatively  free  from  scab,  as  it  seems  to 
take,  a  year  or  two  for  scab  introduced  in  this  way  into  new  soil 
to  multiply  sufficiently  to  affect  the  crop.  Once  introduced  it  is 
only  a  question  of  time  until  the  ground  is  so  infected  with  scab 
that  potatoes  can  no  longer  be  grown  there.  This  is  the  reason 
that  clean  seed  when  planted  in  such  ground  will  produce  a  scabby 
crop.  Scab  will  live  in  the  ground  for  several  years,  and  tiie 
only  way  to  kill  it  is  to  avoid  planting  potatoes  on  it  for  a  number 
of  years.  To  avoid  scab  altogether,  clean  seed  must  always  be 
planted  in  clean  ground.  If  clean  seed  cannot  be  had,  scabby  seed 
may  be  treated  in  such  a  way  as  to  kill  the  scab.  To  do  this  soak 
the  whole  potatoes  in  a  solution  of  corrosive  sublimate  for  an 
hour  before  planting.  Two  ounces  corrosive  sublimate  dissolved 
in  a  small  quantity  of  water  and  diluted  to  eight  gallons  will  gfive 
the  proper  strength. 
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It  is  safe  to  say  that  nowhere  in  Minnesota  can  vegetables  be 
grown  superior  in  size  and  quality  to  those  produced  in  Northeast 
Minnesota.  Northeast  Farm  has  grown  nearly  every  known 
kind  of  vegetable  and  annually  tests  many  different  varieties  in  the 
garden.  As  there  is  no  difficulty  in  growing  any  of  the  common 
vegetables,  as  peas,  beans,  beets,  sweet  corn,  onions,  etc.,  the  cat- 
alogues of  reliable  seedsmen  are  the  best  available  guides  as  to 
varieties  to  choose,  and  individual  taste  will  have  to  decide  the 
matter.  The  shortness  of  the  season  makes  it  necessary  to  take 
especial  care  of  tomatoes,  in  order  to  enable  them  to  ripen  before 
the  frost.  Dwarf  Champion,  Stone,  Honor  Bright,  Early  Minne- 
sota, and  Acme,  are  recommended  as  being  early  and  prolific-  The 
season  is  rather  short  for  melons,  though  with  good  care  the  early 
varieties  of  musk  melons  can  be  ripened.  Early  Netted  Green, 
Emerald  Green,  and  Jenny  Lind  are  good  varieties  for  trial.  A 
small  variety  of  watermelon,  the  Hungarian  Honey,  will  "ripen 
here,  and  possibly  others.  Hubbard  squash  ripens,  but  requires 
gt»od  care.  To  better  carry  on  the  work  in  gardening,  the  Farm 
has  constructed  a  hot-bed,  in  the  form  of  a  green  house,  with  an 
alley  and  beds  on  each  side,  the  whole  covered  with  sash.  This 
i;  heated  by  a  layer  of  rotting  manure  3  feet  deep,  upon  which  is 
placed  six  inches  of  dirt.  This  simple  structure  makes  it  possible 
to  start  tomato,  cabbage,  and  cauliflower,  and  even  melon  plants 
quite  early  in  the  spring.  Raddishes  and  lettuce  have  been  raised 
in  it  and  matured  before  the  seeds  planted  outdoors  had  germin- 
ated. By  giving  melon  plants  an  early  start,  and  moving  them 
out  doors  before  they  are  grown  enough  to  set  them  back,  the 
chances  of  a  good  crop  are  materially  increased.  A  few  tomato 
plants  were  left  in  the  house  all  summer  and  by  covering  them 
with  the  sash  in  the  fall  the  period  of  ripening  was  extended  con- 
siderably. 
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STRAWBERRIES. 

Strawberries  are  grown  successfully  on  the  Northeast  Farm. 
Yields  of  3,000  quarts  per  acre  have  been  obtained.  The  ground 
selected  is  rather  moist.  It  is  well  manured  with  rotted  stable 
manure  plowed  in.  A  new  bed  is  set  out  each  year  in  the  spring 
and  the  plants  are  taken  from  the  bed  set  out  the  year  previous, 
before  they  have  ever  borne  fruit.  They  are  planted  in  rows  four 
to  five  feet  wide,  leaving  two-foot  spaces  between  plants.  The 
rows  are  cultivated  one  way  the  first  year,  and  the  runners  allowed 
to  grow  at  will,  and  form  a  matted  row  of  plants.  No  fruit  is 
allowed  to  set  the  first  year.  The  main  crop  is  borne  the  second 
year.  The  bed  may  be  saved  for  another  crop  by  plowing  under 
most  of  the  vines,  leaving  strips  from  which  the  runners  may 
spread  and  renew  the  patch-  The  bed  is  covered  in  the  fall  after 
the  ground  freezes,  with  a  layer  of  straw  three  inches  deep.  This 
is  left  on  in  the  spring  as  long  as  possible,  which  is  until  the 
plants  start  to  grow  strongly.  By  thus  delaying  the  start,  danger 
of  frost  on  the  blossoms  is  averted.  The  straw  is  then  raked  off 
the  rows  and  left  on  the  ground  between  them.  This  keeps  down 
the  weeds  and  prevents  the  ground  from  drying  out  when  the 
berries  are  ripening.  Bare,  exposed  soil  at  this  time  will  result  in 
a  small  crop  of  ill-formed  berries.  This  is  the  reason  why  some 
have  found  that  berries  sometimes  yield  better  in  grass  and  weeds 
than  on  ground  kept  clean.  It  is  naturally  better  to  substitute  straw 
for  the  weeds.  Berries  raised  in  this  way  will  ripen  here  between 
the  1st  and  15th  of  July,  at  which  time  they  will  bring  a  good 
price.  Some  of  the  best  varieties  of  strawberries  have  imperfect 
flowers,  lacking  the  stamens,  or  male  organs.  If  these  kinds  only 
are  raised  they  will  produce  no  berries.  They  must  be  planted 
in  alternate  rows  with  a  perfect-flowering  variety.  Varieties  with 
perfect  flowers,  if  planted  alone  will  produce  the  usual  crop.  The 
varieites  used  on  Northeast  Farm  were  Haverland,  Warfield  and 
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Crescent,  all  imperfect  or  pistillate,  with  Bederwood,  a  perfect- 
flowering  or  staminate  variety,  in  alternate  rows.  Many  others  of 
the  best  varieties  will  come  into  bearing  in  1900. 

RASPBERRIES. 

A  plantation  of  600  raspberries  was  set  out  in  '96  and  more 
have  been  added  since.  High  water  injured  one-half  of  these 
plants  and  the  open  winter  of  '97  and  '98  killed  back  a  part  of 
them,  but  the  crop  of  berries  borne  in  1899  was  very  satisfactory. 
If  given  proper  winter  protection  the  hardier  varieties  of  red  and 
black  raspberries  can  easily  be  grown  here  with  complete  success. 
The  bushes  are  bent  over  in  the  fall  by  loosening  the  dirt  on  one 
side  and  bending  them  in  the  root,  till  they  lie  under  the  ground. 
They  are  then  covered  with  earth  to  a  depth  of  three  inches  and 
left  until  they  start  in  the  spring.  The  varieties  proved  to  be 
hardy  by  trial  at  the  Farm  are : 

Red — Hardiest,  Turner,  Marlboro;  second  hardy,  Coliunbia. 

Black  Caps — Hardiest,  Older,  Nemaha;  second  hardy,  Ohio. 

The  kinds  more  recently  set  out  have  not  been  tested  long 
enough  as  yet  to  report  upon. 

Blackberries — two  varieties,  the  Snyder  and  Ancient  Britbn — 
are  being  grown.  The  bushes  must  be  laid  down  in  the  same 
manner  as  the  raspberries.  To  try  to  bend  the  canes  will  be  apt 
to  result  in  injury.  The  Snyder  is  the  earlier  variety.  Both 
these  varieties  bore  fair  crops  of  berries  in  '99,  and  promise  to 
do  well  in  the  future. 

Gooseberries  are  perfectly  hardy.  The  varieties  grown  are 
the  Houghton  and  Downing.  The  Juneberry  and  Sand  Cherry, 
while  not  particularly  valuable,  grow  readily  anywhere.  Cur- 
rants have  been  only  moderately  successful. 
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Some  years  ago  it  was  not  thought  possible  to  grow  apples 
in  the  northern  half  of  the  state,  but  with  the  improvement  in 
varieties  the  northern  limit  of  growth  is  retreating.  Grand  Rap- 
ids may  be  considered  at  preasent  as  being  very  nearly  the  most 
northerly  point  at  which  apples  can  be  grown.  It -is  therefore  wdl 
suited  for  testing  the  possibilities  of  new  varieties  for  hardiness. 
The  orchard  is  now  three  years  old.  The  trees  were  heeled  in  the 
first  winter  and  set  out  in  the  present  orchard  in  the  spring  of 
'98.  The  winter  of  '98  and  '99  following  was  a  very  severe  one, 
and  some  varieties  were  badly  injured.  The  trees  were  protected 
by  mulch  and  the  trunks  were  wrapped  with  burlap  to  prevent 
sunscalding  in  the  early  spring. 

Those  varieties  of  crabs  and  apples  that  survived  the  winter 
without  injury  are  recommended  as  being  perfectly  hardy.  Some 
of  the  others  may  succeed  if  given  a  better  start  before  being  sub- 
jected to  such  trying  conditions-  The  varieties  found  to  be  hardy 
are: 

Crabapples — Martha  and  Virgina. 

Apples — 'Silken  Leaf,  Christmas. 

Duchess  and  Hibernal  were  badly  injured,  but  some  trees 
lived  through  and  may  survive. 

Early  Strawberry  Crab,  OstrakoflF  and  Dart's  are  probably 
not  hardy  enough  for  the  climate. 

PLUMS. 

An  orchard  of  over  100  hundred  plum  trees  was  set  out  la 
'99.  These  include  many  new  and  superior  varieties.  It  is 
thought  that  these  plums  will  be  perfectly  hardy  as  many  native 
plums  grow  much  further  north  than  this. 
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